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ABSTRACT
Chemical a n a l y s i s  o f  r o o t  c u l t u r e s  o f  T a g e t e s  p a t u l a  
(A s t e r a c e a e )  p ro v id e d  t h e  knowns 5 - a c e t y l - 4 - h y d r o x y - 2 - i s o p r o p e n y l -  
b e n z o f u r a n ,  5 - ( b u t - 3 - e n - l - y n y l ) - 2 , 2 ' - b i t h i o p h e n e  and 5 - ( 4 - a c e t o x y - l  
b u t y n y l ) - 2 , 2 ‘- b i t h i o p h e n e .  T h e i r  s t r u c t u r e s  were e l u c i d a t e d  by 
s p e c t r o s c o p i c  methods.
Chemical a n a l y s i s  by c a p i l l a r y  g a s - l i q u i d  chromatography-mass  
s p e c t r o s c o p y  (GC-MS) o f  P a r t h e n i u m  a r g e n t a t u m  (Guayule)  p rov ided  t h e  
known s e s q u i t e r p e n e  hydrocarbons  9 , 1 0 - d i h y d r o g u a j e n e ,  a - c o p a e n e ,  
a l lo a ro m a n d re n e ,  i s o l o n g i f o l e n e ,  germacrene A o r  e -e lemene  and a -  
humulene.  The known s e s q u i t e r p e n e  e s t e r s  g u ay u l in  A and B and t h e  
t r i t e r p e n e s  a r g e n t a t i n  A and B as  well  as  two new c y c l o a r t e n o l - t y p e  
t r i t e r p e n e s ,  3 a - and 3 e - h y d r o a r g e n t a t i n  B, were a l s o  i s o l a t e d .  The 
r e l a t i v e  c o n f i g u r a t i o n ,  t h e  con fo rm a t ion  as  well  a s  t h e  *H and *3C 
NMR re s o n a n c e  ass ignm en ts  of  t h e  two new t r i t e r p e n e s  were e s t a b l i s h e d  
by 2D and m u l t i p u l s e  NMR t e c h n i q u e s .  H ydro ly s i s  o f  g u a y u l in  A 
y i e l d e d  d e s a c y l g u a y u l i n  A, a s t e r e o c h e m ic a l  s tudy  of  which was 
performed u s in g  modern NMR te c h n i q u e s .
Chemical a n a l y s i s  o f  B a c c h a r i s  s a l i c i n a  ( A s t e r a c e a e )  y i e l d e d  th e  
known a n t i t u m o r  f l a v o n e  c e n t a u r e i d i n  and two new g u a i a n o l i d e s ,  
b a c c h a r i o l i d e s  A and B. T h e i r  s t r u c t u r e s  were e l u c i d a t e d  by 
s p e c t r o s c o p i c  methods.
x
B iom im e t ic - type  r e a c t i o n s  o f  t h e  s e s q u i t e r p e n e  l a c t o n e  11 ,13-  
d i h y d r o p a r t h e n o l i d e  invo lved  t h e  fo l l o w in g  t r a n s f o r m a t i o n s :  (1)  BF3 -
m ed ia ted  rea r range m en t  o f  t h e  g e rm a c ro l id e  4 ( 5 ) - e p o x id e  t o  p roduce  a 
x a n t h a n o l i d e  and t h r e e  c i s - g u a i a n o l i d e s .  ( 2 ) m-Chloroperoxybenzo ic 
a c i d  med ia ted  o x i d a t i o n - r e a r r a n g e m e n t s  o f  a g u a i a n o l id e  l ( 1 0 ) - e n e  t o  
produce  a x a n t h a n o l i d e ,  a t r a n s - e p o x y - g u a i a n o l i d e ,  two c i s - e p o x y -  
g u a i a n o l i d e s  and a c y c l o b u t a n e - t y p e  s e s q u i t e r p e n e  l a c t o n e .  (3)  BF3- 
c a t a l y z e d  rea r ran g e m en t  o f  a g u a i a n o l i d e  1 ( 1 0 ) - e -ep o x id e  t o  g iv e  a 
c i s - e u d e s m a n o l i d e ,  a t r a n s - g u a i a n o l i d e ,  and two c i s - g u a i a n o l i d e s .
The r e s u l t s  and proposed mechanisms of  t h e s e  r e a c t i o n  sequences  as 
wel l  a s  t h e  d e t a i l e d  s t r u c t u r e  e l u c i d a t i o n  o f  t h e  t r a n s f o r m a t i o n  
p r o d u c t s  a r e  d e s c r i b e d .
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GENERAL INTRODUCTION
My d i s s e r t a t i o n  i s  comprised of fo u r  c h a p t e r s .  The f i r s t  t h r e e  
c h a p t e r s  d e s c r i b e  the  i s o l a t i o n ,  chromatographic s e p a r a t i o n  and 
s t r u c t u r e  d e t e rm in a t io n  of  n a tu ra l  p roduc ts  by combined u t i l i z a t i o n  
of  s p e c t r o s c o p i c  methods.  The fo l low ing  t h r e e  members of  the  
sunf lower  fami ly  (A s te raceae)  were i n v e s t i g a t e d :
1. Root c u l t u r e s  of  T a g e t e s  p a t u l a  (mar igold )
2 .  P a r t h e n i u m  a r g e n t a t u m  (Guayule)
3.  B a c c h a r i s  s a l i c i n a  (H e l ian theae )
The f o u r t h  c h a p t e r  r e p o r t s  on the  Lewis-ac id  mediated biomimetic  
t r a n s f o r m a t i o n s  of  the  germ acro l ide  1 1 ,1 3 -d ih y d ro p a r th e n o l id e  which 
was i s o l a t e d  from the  common Louisiana  ragweed (A m b r o s i a  
a r t e m i s i i f o i i a ) .  The i n  v i t r o  t r a n s f o r m a t io n s  o f  t h i s  ge rm acro l ide  
4 (5 ) - e p o x id e  i n t o  d i f f e r e n t  s k e l e t a l  types  of  s e s q u i t e rp e n e  l a c to n e s  
a r e  d e s c r ib e d .  The mechanisms o f  fo rmat ion  of  th e  p r o d u c t s ,  which 
invo lve  c a r b o c a t i o n i c  rear rangements  a re  d i s c u s s e d .  The i r  s t r u c t u r a l  
s t u d i e s  inc luded  modern NMR te chn iques  as well as  complementary 
s p e c t r o s c o p i c  te chn iques  such as i n f r a r e d  s p e c t ro s c o p y ,  mass 
s p e c t ro m e t ry ,  and X-ray a n a l y s i s .
Secondary m e ta b o l i t e s  from p l a n t  r o o t s  a re  u n d e r - u t i l i z e d  and 
u nder -exp lo red  p o t e n t i a l  sou rces  o f  pha rm aceu t i ca l s  and 
a g r i c h e m i c a l s .  Roots of t h e  A ste raceae  accumulate a wide range of  
v a l u a b le  n a t u r a l  p roduc ts  which inc lude  f u n g i c i d a l ,  a n t i b a c t e r i a l ,
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a n t i v i r a l  and nem at ic ida l  po ly a ce ty len es  ( 1 - 1 2 ) .
"Hairy" r o o t  c u l t u r e s  ob ta ined  by t r a n s f o r m a t io n  of  p l a n t  c e l l s  
with  t h e  a p p r o p r i a t e  s t r a i n  of  A g r o b a c t e r i u m  grow a t  r a t e s  f a s t e r  
than  normal r o o t s  and,  in  c o n t r a s t  t o  u n d i f f e r e n t i a t e d  p l a n t  c e l l  
c u l t u r e s ,  produce n a t u r a l  p roducts  c h a r a c t e r i s t i c a l l y  found in normal 
r o o t s .  Knowledge of secondary  metabolism and chem is t ry  of t h i s  
b io t e c h n o lo g i c a l  system would c o n t r i b u t e  t o  i t s  u t i l i z a t i o n  in the  
p ro d u c t io n  of  ph a rm a ceu t i ca l s ,  f l a v o r  and f r a g a n c e s ,  n a t u r a l  dyes and 
a g r i c h e m i c a l s .
Approaches to  make t h e  xe rophy t ic  p l a n t  P a r t h e n i u m  argentatum 
(Guayule)  a p r o f i t a b l e  source  of  n a t u r a l  rubber  in c lu d e :  (a)
breed ing  o r  chemical s t i m u l a t i o n  of  the  p l a n t  to  improve th e  amount 
of r u b b e r ,  (b) development of  a p p r o p r i a t e  c u l t u r e s  f o r  cheaper  such 
co ld  and high d e s e r t s ,  (c)  improvement of  c u l t u r a l  p r a c t i c e s  t o  
reduce l a b o r  c o s t s  and improve p r o d u c t i v i t y ,  and (d) improvement of  
th e  rubber  e x t r a c t i o n  p rocess  and by product  u t i l i z a t i o n  (13 ) .  
Knowledge about  th e  chemis try  of  parthenium argentatum would 
c o n t r i b u t e  t o  the  o p t i m iz a t io n  of  the  p roduc t ion  o f  rubber and th e  
d e t e r m in a t io n  of p o t e n t i a l  p r e c u r s o r s  f o r  the  development of  u s e fu l  
p r o d u c t s .
Biochemical  s y s t e m a t i c  s t u d i e s  focus on the  use o f  n a t u ra l  
p ro d u c t s  as  taxonomic markers t o  he lp  unders tand  e v o l u t io n a r y  
r e l a t i o n s h i p s  in th e  p l a n t  kingdom. Knowledge about  t h e  chem is t ry  of  
B a c c h a r i s  s a l i c i n a  could he lp  t o  unders tand  b e t t e r  t h e  p h y lo g e n e t i c  
r e l a t i o n s h i p s  among the  members of A s te racea e .
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S esqu i te rpene  l a c to n e s  a re  a major c l a s s  of  t e rp e n o i d s  which 
commonly occur in  the  Aste raceae  as well as  in some angiosperms and 
gymnosperm f a m i l i e s  ( 4 ) .  To d a t e  t h e r e  a re  over  3000 known 
s e s q u i t e rp e n e  l a c to n e s  (14 ) ,  and they  a re  b i o g e n e t i c a l l y  de r iv e d  from 
t r a n s - t r a n s  f a rn e s y l  pyrophosphate which a f t e r  c y c l i z a t i o n  and 
b io m o d i f i c a t i o n  leads  to  the  g e r m a c r o l i d e s , which a r e  proposed t o  be 
t h e  i n t e r m e d i a t e s  in  th e  b io s y n t h e s i s  of  d i f f e r e n t  s t r u c t u r a l  types  
of  s e s q u i t e rp e n e  l a c to n e s  (4 ) .  Knowledge about  th e  in vitro 
t r a n s f o r m a t io n s  of germ acro l ides  and proposed b i o g e n e t i c  d e r i v a t i v e s  
would p rov ide  i n d i r e c t  ev idence  f o r  p o s s i b l e  b i o s y n t h e t i c  pathways by 
chemical c o r r e l a t i o n  o f  d i f f e r e n t  types  of  s e s q u i t e rp e n e  l a c t o n e s .
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CHAPTER 1
PHYTOCHEMICAL STUDY OF ROOT CULTURES OF 
TAG ETES PATULA  (ASTERACEAE)
1
2
1 .1 .  INTRODUCTION
The use  o f  p l a n t  t i s s u e  c u l t u r e s  as s o u rc e s  o f  n a t u r a l  
p r o d u c t s  i s  one o f  t h e  most c h a l l e n g i n g  p r o s p e c t s  in  p l a n t  
b io t e c h n o lo g y  ( 1 ) .  The r o o t s  of  t h e  f a m i ly  A s t e r a c e a e  (Composit ae )  
p roduce  a wide range  o f  n a t u r a l  p r o d u c t s ,  i n c lu d in g  n e m a t i c id e s  
p o l y a c e t y l e n e s  and th i o p h e n e s ,  p h e n o l i c s  and s e s q u i t e r p e n e  l a c t o n e s  
t h a t  have a wide range  o f  b i o l o g i c a l  a c t i v i t i e s  ( 2 , 3 ) .  F a s t  growing 
r o o t  c u l t u r e s  from s p e c i e s  o f  A s te r a c e a e  t r a n s fo rm e d  w i th  
A g r o b a c t e r i u m  r h i z o g e n e s  have been r e c e n t l y  deve loped  ( 4 ) .  The 
" h a i r y  r o o t "  system i s  an a p p r o p r i a t e  e x p e r im en ta l  sys tem f o r  s t u d i e s  
on r o o t  secondary  metabo li sm and a p o t e n t i a l  s o u rc e  of  new m e d ic in a l  
and a g r i c u l t u r a l  c h em ica ls  ( F i g .  i . i ) .  The chemical  s t r u c t u r e s  of  
t h e  m a jo r  components o f  t h e  t r an s fo rm e d  r o o t  c u l t u r e  o f  T a g e t e s  
p a t u i a  ( A s t e r a c e a e )  have been de te rmined  by s p e c t r o s c o p i c  methods and 
a r e  d e s c r i b e d  below.
1 .2 .  STRUCTURE ELUCIDATION OF BENZOFURAN AND 
BITHIOPHENES ISOLATED FROM ROOT CULTURES OF
TAGETES PATULA
Chromatographic  f r a c t i o n a t i o n  o f  a c rude  d ic h lo ro m e th a n e  
e x t r a c t  o f  r o o t  c u l t u r e s  o f  T a g e t e s  p a t u i a  ( A s t e r e a e ;  A s t e r a c e a e )  
y i e l d e d  t h e  known 5 - a c e t y l - 4 - h y d r o x y - 2 - i s o p r o p e n y l b e n z o f u r a n  
( i s o e u p a r i n )  ( 1 ) ( 5 ) ,  and two b i t h i o p h e n e - a c e t y l e n i c s ,  5 - ( b u t - e n - l -  
y n y l ) - 2 , 2 ‘ - b th i o p h e n e  (2)  and 5 - ( 4 - a c e t o x y - l - b u t y n y l ) - 2 , 2 ‘ -  
b i t h i o p h e n e  ( 3 ) ( 6 ) .  S ince  t h e  J H NMR d a t a  o f  t h e  two a c e t y l e n i c  
compounds were incom ple te  and t h e  J 3 C NMR d a t a  were n o t  p r e v i o u s l y  
r e p o r t e d ,  t h e s e  s p e c t r a l  d a t a  a r e  d i s c u s s e d  h e r e .
FIGURE 1 . 1 .  "Hairy Root  B i o t e c h n o lo g y "
1. Seedling is inoculated with an appropriate strain of 
Agrobacteriua
2. "Hairy roots" emerge at the wound sites
3. "Hairy roots "  are transferred into antibiotic-containing medium
4. Bacteria-free clone is transferred to agar medium
5. Scale up to shaker culture, and then developed for commercial 
applications
4
5 -A c e ty l - 4 - h y d ro x y - 2 - i s o p r o p e n y lb e n z o f u r a n  ( 1 ) ,  i s  a gum w i th  
a m o le c u la r  fo rm ula  (MS). Mass s p e c t r a l  f ragm en ts  a t  m / z
173 [M-CH3 COj”1" and m / z 43 ICH3 CO]"** a s  well  a s  a 3 -p r o to n  s i n g l e t  a t  
6  2 . 6 8  i n d i c a t e d  t h e  p r e s e n c e  o f  an a c e t y l  group on an a ro m a t ic  
r i n g .  The J H NMR spectrum showed a p a t t e r n  f o r  a 1 , 2 , 3 , 4 -  
t e t r a s u b s t i t u t e d  benzene r i n g  ( F i g .  1 . 2 ) .  S i n g l e t s  a t  & 5 .2  and 
6  5 .76  a s  wel l  a s  a 3 -p ro to n  s i n g l e t  a t  6  2 .15 and compar ison  o f  a 
s i n g l e t  a t  & 6 .85  with  H-3 ( 6  7 .5 )  o f  c a l e b e r t i n ,  a 2 - a c e t y l  
s u b s t i t u t e d  benzofu ran  (7)  i n d i c a t e d  an i sop ropeny l  moie ty  a t  C-2. 
A d d i t i o n a l  s p e c t r a l  d a t a  a r e  in  e x c e l l e n t  agreement w i th  v a l u e s  
r e p o r t e d  f o r  i s o e u p a r i n  ( 5 , 8 ) .
5 - ( B u t - 3 - e n - l - y n y l ) - 2 , 2 ' - b i t h i o p h e n e  (2)  i s  a gum t h a t  has  a 
m o l e c u la r  fo rmula  C^2^2^8 (^S ) .  Mass s p e c t r a l  f r ag m e n ts  a t  m / z  132 
[M-C/}SHZj]+ , m / z  82 [ C4 SH2 1+ and m / z  51 IC4 H3 ]“h i n d i c a t e d  t h e  p r e s e n c e  
o f  2 - s u b s t i t u t e d  th i o p h e n e s  and a h i g h l y  u n s a t u r a t e d  s i d e  c h a i n .  A 
2D homonuclear  s h i f t  c o r r e l a t i o n  (COSY) J H NMR spec t rum showed one 
tw o -p ro to n  and one t h r e e - p r o t o n  th io p h en e  p a t t e r n  in  t h e  r e g i o n  
between 6  7 .0  and 6  7 . 3 ,  s u g g e s t i n g  t h e  p re sen ce  o f  a m o n o s u b s t i t u te d  
2 , 2 ' - b i t h i o p h e n e .  F u r th e rm o re ,  t h r e e  o l e f i n i c  p r o to n s  n e a r  6  5 . 6  and 
6  6 . 1 ,  w i th  c o up l ing  c o n s t a n t s  j  = 1 . 9 ,  1 1 .3 ,  and 17.7 Hz, i n d i c a t e d  
t h e  p r e s e n c e  o f  a v iny l  group in  2 .  The c o u p l in g  c o n s t a n t  f o r  H- 6  
and H-7 (j6 7  = 3 .8  Hz) conf irm ed  a b u t - 3 - e n - l - y n y l  s u b s t i t u e n t  a t  
C-5 ( F i g .  1 . 2 ) .
5 - ( 4 - A c e t o x y - l - b u t y n y l ) - 2 , 2 ' - b i t h i o p h e n e  (3)  i s  a gum t h a t  has 
a m o l e c u la r  fo rm ula  Ci4S2^2^12 (MS). Mass s p e c t r a l  f r agm e n ts  a t  m / z  
233 [M-CH3 C0]+ , m / z  216 [M-CH3 C00H]+ , and m / z  43 [CH3 C0]+ as w e l l  as
5
a t h r e e - p r o t o n  J H NMR s i n g l e t  a t  6  2 .10  i n d i c a t e d  t h e  p re sen ce  o f  an 
ace toxy  group .  A NMR COSY spectrum showed one tw o-p ro ton  and one 
t h r e e - p r o t o n  th io p h e n e  system (H-6 , H-7 and H-10, H - l l ,  H-12,  
r e s p e c t i v e l y ;  F i g .  1 . 3 ) .  Coupling c o n s t a n t s  were de te rm ined  by 
i n s p e c t i o n  of  t h e  J H NMR spectrum and a 2D homonuclear  j - r e s o l v e d  
method ( F i g .  1 . 4 ) .  A n u c l e a r  Overhauser  e f f e c t  (NOE) between H-10 
and H-7 i n d i c a t e d  p ro x im i ty  of  t h e s e  p ro to n s  in  a major  ro tam er  
( 9 , 1 0 ) .
Once th e  p ro ton  ass ignm ents  were o b ta in e d  by t h e  use of  2D 
homonuclear  t e c h n iq u e s  ( 9 - 1 2 ) ,  and th e  m u l t i p l i c i t y  of  th e  ca rbon  
s i g n a l s  was e s t a b l i s h e d  by compar ison of  a broad  band (BB) w i th  a 
d i s t o r t i o n l e s s  enhancement by p o l a r i z a t i o n  t r a n s f e r  (DEPT) 1 3 C NMR 
spect rum ( 1 3 ) ,  th e  a ss ignm en t  of  a l l  meth ine 1 3 C r e s o n a n c e s  were 
d e r iv e d  from t h e  2D h e t e r o n u c l e a r  c o r r e l a t i o n  spect rum ( F i g .  1 . 5 ) .  
The d a t a  were in  agreement w i th  t h o s e  f o r  t h e  th io p h e n e  s t r u c t u r e  
p r e v i o u s l y  r e p o r t e d  (1 4 ) .  The ass ignment of  t h e  C-5 re sonance  was 
based on th e  a n i s o t r o p i c  e f f e c t  of  t h e  a c e t y l e n i c  m o ie ty .  The 
ass ignm en ts  of  t h e  rem ain ing  two q u a t e r n a r y  (C- 8  and C-9) ca rbons  
remain open.
1 . 3 .  EXPERIMENTAL
A crude  d ich lo rom ethane  (CH2 CI 2 ) e x t r a c t  (30 mg) from 42 g of  
t r a n s fo rm e d  " h a i r y  r o o t s "  (5% dry m a t t e r )  of  T a g e t e s  p a t u i a  
(A s te r a c e a e )  was chromatographed by p r e p a r a t i v e  t h i n  l a y e r  
chromatography (TLC) over  s i l i c a  ge l  w i th  pe t ro leum  e t h e r :  CHCI3  
(2 :1 )  and p rov ided  seven h ig h ly  UV-366 f l u o r e s c e n t  f r a c t i o n s .  
A n a ly s i s  o f  t h e s e  f r a c t i o n s  a f fo rd e d  5 - a c e t y l - 4 - h y d r o x y - 2 -
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FIGURE 1 . 4 .  2D J - R e s o l v e d  Spec trum o f  B i t h io p h e n e  3
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i s o p r o p e n y l -b e n z o f u r a n  (1) (3mg), t h i o p h e n e - a c e t y l e n i c s  5 - ( b u t - 3 ~ e n -  
1 -y n y l )  2 , 2 ' - b i t h i o p h e n e  (2) (4mg) and 5 - ( 4 - a c e t o x y - l - b u t y n y l )
2 , 2 ' b i t h io p h e n e  (3)  (lOmg).
5 -A c e ty l - 4 - h y d ro x y - 2 - i s o p r o p e n y lb e n z o f u r a n  ( 1 ) .  C1 3 H1 2 O3 , MW
= 216,  gum. EIMS m/z ( %  r e l  i n t ) :  216 1M]+ ( 2 9 . 7 ) ,  201 IM-CH3 ]+ 
( 5 8 . 5 ) ,  183 [M-CH3 -H2 0 ]+ ( 4 . 7 ) ,  173 [M-CH3 C0]+ ( 4 . 7 ) ,  149 ( 3 6 . 4 ) ,  127 
( 1 1 . 4 ) ,  115 [C9 H7 ]+ (100 ) ,  91 ( 7 3 . 3 ) ,  77 ( 4 0 . 7 ) ,  43 |CH3 C0]+
( 4 7 . 0 ) .  J H NMR (400 MHz) 6 , CDC13 : H-3,  6  6 .85 s ;  H-6 , 6  7 .65  d;
H-7,  6  7 .01 d;  H - l l  6  2 .15  s ;  H-12a,  6  5 .2  s ;  H-12b,  6  5 .76  s ;  H-14,
6  2 .68  s ;  OH, 6  12.23 S. j ( H z ) :  6 ,7  = 7 ,6  = 9.
5 - ( B u t - 3 - e n - l - y n y l )  2 , 2 'b i t h i o p h e n e  ( 2 ) .  C1 2 S2 Hg, MW = 216,  
gum. EIMS m/z ( %  r e l  i n t ) :  216 [M]+ ( 5 2 . 7 ) ,  171 ( 2 6 . 3 ) ,  149 ( 1 2 . 7 ) ,  
145 ( 1 5 . 9 ) ,  132 [M-C4 SH4 ]+ ( 3 0 . 9 ) ,  127 ( 3 3 . 4 ) ,  93 ( 7 5 . 9 ) ,  82 [C4 SH2 ]+ 
( 5 4 . 7 ) ,  69 (1 0 0 ) ,  58 ( 5 9 . 2 ) ,  51 |C4 H3 ]+ , 45 ( 4 8 . 2 ) .  J H NMR (400 
MHz), 6 , CDC13 : H - l a ,  6  5 .55  dd; H - lb ,  6  5 .72 dd; H-2, 6  6 .03  dd;
H-6 , 6  7 .09  d;  H-7,  6  7 .02 d ;  H-10, 6  7 .17 dd; H - l l ,  6  7 .03  dd; H-12,
6  7 .23 dd.  j ( H z ) :  l a , l b  = l b , l a  = 1 . 9 ;  l a , 2  = 2 , 1 a  = 1 1 .3 ;  l b , 2  =
2 ,1b  = 17 .7 ;  6 ,7=7 , 6  = 3 . 8 ;  10,12 = 12,10 = 1 .0 ;  10,11 = 3 . 6 ;  12,11 =
5 . 3 .
5 ( 4 - A c e t o x y - l -b u t y n y l )  2 , 2 ' b i t h i o p h e n e  ( 3 ) .  C1 4 S2 0 2 H12, MW =
276,  gum. EIMS m/z { % r e l .  i n t ) :  276 |M]+ ( 9 . 0 ) ,  233 [M-CH3 C0]+
( 0 . 2 ) ,  216 [M-CH3 C00H]+ (100 ) ,  203 (M-CH3 C0-CH2 0 ] + ( 1 4 . 4 ) ,  184 ( 3 . 8 ) ,  
171 ( 1 5 . 1 ) ,  158 ( 5 . 7 ) ,  127 ( 9 . 0 ) ,  115 ( 7 . 8 ) ,  95 ( 1 0 . 3 ) ,  69 ( 1 3 . 3 ) ,  43 
[CH3 C0]+ ( 5 2 . 3 ) .  J H NMR (400 MHz), 6 , CDC13 : 2H-1,  6  4 .2 2  dd;  2H-2
6  2 . 8  dd;  H-6 , 6  7 .04 d;  H-7,  6  7 .00 d;  H-10, 6  7 .16  dd; H - l l ,  6  7 .01 
dd;  H-12,  6  7 .22 dd.  j ( H z ) :  1 ,2  = 2,1 = 6 . 9 ;  6 ,7  = 7 , 6  = 3 . 8 ;  10,12
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= 12,10 = 1 .1 ;  10,11 = 11,10 = 3 . 7 ;  11,12 = 12,11 = 5 . 1 .  1 3 C NMR
(100 .13  MHz), 6 , C0C13 : C - l ,  6  62.09 t ;  C-2,  6  20 .75 t ;  C-3,  6  75 .15
s ;  C-4,  6  90 .57  s ;  C-5,  6  122.04 s ;  C- 6 , 6  132.38 d; C-7 ,  6  123.26 d;
C-8 , 6  136.75 s ;  C-9,  6  138.09 s ;  C-10, s 124.10 d; C - l l ,  6  127.87 d;
C-12,  6  124.83 d;  C-13,  6  170.84 s ;  C-14,  6  20 .89 q.
NMR s p e c t r a  were acqu i red  a t  298°K with  a Bruker AM 400 
in s t ru m e n t  by use of  a 5 mm dual tuned J H/i J c probe and an 
o b s e r v a t i o n  fr equency  of 400.13 MHz.
The homonuclear  j - r e s o l v e d  2D NMR exper iment  was performed by 
t h e  HAHN sp in -e c h o  te ch n iq u e  w i th  th e  fo l l o w in g  p u l s e  sequence :
D l-90 - t- 1 8 0 - t-FID (14 ) .
The d a t a  were acq u i re d  in  1 h w i th  128 exper im en ts  (NE = 128) ,
a r e c y c l e  de lay  D1 o f  2 s ,  an a c q u i s i t i o n  t ime AQ of  2 s ,  and
v a r i a b l e  d e l a y  t  t h a t  had an i n i t i a l  va lue  o f  3 ys and was in c r e a s e d  
in  each  exper iment by IN = 0.01538 s .  Each exper iment c o n s i s t e d  o f  a 
b lock  s i z e  SI2 of  512 W and 8  scans  (NS = 8 ) which p rov ided  d i g i t a l  
r e s o l u t i o n  o f  0 .254 and 0 .508  Hz/pt  in  th e  f^  and f ^  d im en s io n s ,  
r e s p e c t i v e l y .  The d a t a  were p rocessed  w i th  ze ro  s h i f t e d  s i n e b e l l  
m u l t i p l i c a t i o n  b e f o r e  both F o u r i e r  t r a n s f o r m a t i o n s  w i th  ze ro  f i l l i n g  
and magnitude c a l c u l a t i o n  in th e  second ( f ^ )  dimension r e s u l t i n g  i n  a 
256xl28w r e a l  d a t a  p o i n t  m a t r ix .
The homonuclear s h i f t  c o r r e l a t e d  2D NMR exper im en t  was 
per formed w i th  th e  fo l lo w in g  p u l s e  sequence:  D1-90-T-45-FID (1 1 ) .
The d a t a  were acq u i re d  in  0 . 8  h w i th  128 expe r im en t s  (NE =
128) a r e c y c l e  de lay  of  1 .5  s and t = 3 y s ,  IN=0.00807s,  NS=8 , and
S I =512. Zero f i l l i n g  and magnitude c a l c u l a t i o n  in f j  d im ens ion  and
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s i n e b e l l  m u l t i p l i c a t i o n  with  no s h i f t  in  bo th  d imensions  p r i o r  t o  th e  
F o u r i e r  t r a n s f o r m a t i o n  r e s u l t e d  in a 256x256 w r e a l  d a t a  p o i n t  m a t r ix  
t h a t  was used  to  de te rm ine  th e  homonuclear  c o r r e l a t i o n  o f  o f f -  
d ia gona l  peaks s h a r in g  a s c a l a r  coupl ing  j .
The h e t e r o n u c l e a r  s h i f t  c o r r e l a t e d  2D NMR exper im en t  was 
performed with  th e  fo l lo w in g  p u lse  sequence :
2H : D0-90- t-90-D3-180-D3-90- t-D3-90  BB 
1 3 C : D1 180 90-D4-FID
Data were acq u i re d  in  15 h with  128 exper im en ts  w i th  a r e c y c l e  
d e l a y  D1 o f  1 .5  s and t = 3 y s ,  IN = 0.004 s ,  NS = 120 and SI = 2 K. 
Two-dimensional  F o u r i e r  t r a n s f o r m a t i o n  was performed in  t h e  magni tude  
c a l c u l a t i o n  mode (MC2=M) w i th  ze ro  f i l l i n g  in  f^ dimension l e a d in g  t o  
a 256 W x 1 K r e a l  d a t a  p o i n t  m a t r ix .
S i n e b e l l  m u l t i p l i c a t i o n  w i th  no s h i f t  (SSB1=0) f o r  f j  
d im ension  and Gaussian  m u l t i p l i c a t i o n  (LB2=2, GB2=0) f o r  t h e  f£  
d im ension  were used .
Mass s p e c t r a l  d a t a  were o b t a in e d  with  a HP 5185 GC-MS-DS 
in s t r u m e n t .
1 .4 .  REFERENCES
1. F l o r e s ,  H. E. (1987) .  Use of  P la n t  C e l l s  and Organ C u l t u r e  in  
t h e  P ro d u c t io n  of  B io l o g i c a l  Chemicals .  In:  a c s  s y m p o s i u m  
S e r i e s  334. B i o t e c h n o l o g y  i n  A g r i c u l t u r a l  C h e m i s t r y , 5 ,  6 6 - 
8 6 . ACS Washington D.C.
2.  Pieman,  A. K. (1986) .  B i o c h e m .  S y s t e m .  E c o l . 14, 255.
11
3. McLachlan D.,  Arnason,  T. and Lam J .  (1986) .  B i o c h e m .  s y s t e m .
E c o l .  14, 1723.
4.  F l o r e s ,  H. E . ,  Hoy, M. W. and P i c k a rd ,  J .  J .  (1987) .  t i b t e c h  5 ,
64.
5. S u t f e l d ,  R . ,  B a lza ,  F. and Towers, G. H. N (1985)
P h y t o c h e m i s t r y  24,  876.
6 . Bohlmann, F . ,  B u rk h a rd t ,  T . , Zdero,  C. (1973) .  " N a t u r a l l y  
Occuring A c e ty l e n e s . "  Academic P r e s s .  New York.
7. Ober,  G. A. ,  Fronczek ,  F. R . ,  and F i s c h e r ,  N. H. (1985) .
J .  N a t .  P r o d . 48, 242.
8 . Burke,  J .  M., S c a n n e l l ,  R. T. and S teve nson ,  R. (1986) .  
P h y t o c h e m i s t r y  25, 1248.
9 .  Noggle J .  H . ,  Shirmer R. E. (1971) .  The Nuclear  O verhauser
E f f e c t  Chemical A p p l i c a t i o n s .  New York: Academic P r e s s .
10.  S a u n d e r s ,  J .  K. M. and Mersh,  J .  D. (1982) .  P r o g .  N u c l . Magn.
K e s o n .  S p e c t r o s . 15, 353.
11. M o r r i s ,  G. A. (1986) .  Magn.  R e s o n .  Chem. 24, 371.
12.  T u rn e r ,  C. J .  (1984) .  P r o g .  N u c l .  Magn. Reson. S p e c t r o s .  16,
311.
13. D oddre l1, D. M., Pegg,  D. T. and B e n d a l l ,  M. R. (1982) .
J. Magn.  R e s o n . 48, 323.
14. Kalinowski H-0, B e rg e r ,  S . ,  Siegmar ,  B. (1984) .  I 3 C-NMR-
S p e k t r o s k o p i e .  Georg Thieme V er lag .  S t u t t g a r t  New York.
CHAPTER 2
PHYTOCHEMICAL STUDY OF p a r t h e n i u m  a r g b n t a t u m  (GUAYULE)
12
2 . 1 .  INTRODUCTION
P a r t h e n i u m  a r g e n t a t u m  (Guayule)  i s  a rubbe r  p roduc ing  shrub 
n a t i v e  t o  t h e  Chihuahuan d e s e r t  in  so u th w e s te rn  Texas and n o r t h e r n  
Mexico,  w i th  an economic p o t e n t i a l ,  in p a r t i c u l a r ,  i f  b y - p r o d u c t s  can 
be u t i l i z e d  ( 1 ) .
P r e v io u s  chemical  s t u d i e s  o f  guayule  p rov ided  t r i g l y c e r i d e s ,  
s e s q u i t e r p e n e  a l c o h o l s ,  s e s q u i t e r p e n e  e s t e r s ,  and c y c l o a r t e n o n e - t y p e  
t r i t e r p e n e s  ( 2 - 6 ) .
T h i s  c h a p t e r  d e s c r i b e s :
1.  The i d e n t i f i c a t i o n  of  s e s q u i t e r p e n e  hydrocarbons  by 
c a p i l l a r y  g a s - l i q u i d  chromatography and mass s p e c t r o s c o p y .
2 .  The s t r u c t u r e  e l u c i d a t i o n  o f  t r i t e r p e n e s  from g u a y u le .
3 .  The s t e r e o c h e m i c a l  s tudy  of  d e s a c y l g u a y u l i n  A by modern 
NMR te c h n i q u e s .
2 .2 .  IDENTIFICATION OF SESQUITERPENE HYDROCARBONS BY
CAPILLARY GAS-LIQUID CHROMATOGRAPHY -  MASS SPECTROSCOPY
P a r t i t i o n i n g  of  t h e  c rude  guayule  e x t r a c t  fo l lo w ed  by 
ch ro m a to g rap h ic  p rocedu res  p rov ided  12 f r a c t i o n s .  Two n o n p o la r  
f r a c t i o n s  ( 1 . 1  and 1 . 2 ; d e t a i l s  a r e  d e s c r i b e d  in  t h e  e x p e r im e n ta l  
s e c t i o n )  were ana lyzed  by c a p i l l a r y  g a s - l i q u i d  ch romatography -  mass 
s p e c t r o s c o p y  (GC-MS) w i th  t h e  a i d  o f  a com puter ized  mass s p e c t r a l  
s e a r c h  system (Hewle tt  Packard :  F l a v o r - F r a g r a n c e ,  59817D N a t iona l
Bureau o f  S tan d a rd s  Subse t  L i b r a r y ) .  The GC r e t e n t i o n  t im es  a r e  
summarized i n  T a b l e  2 . 1 , and th e  s t r u c t u r e s  o f  t h e  i d e n t i f i e d  
c o n s t i t u e n t s  a r e  shown in  F i g u r e  2 . 1 .
FIGURE 2.1. Computerized MS Comparison of 
Germacrene A or B-Elemene (9)
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FIGURE 2.2. 4-Methyl-2-Pentanone and
Sesquiterpene Hydrocarbons 
from Guayule.
9,10-Dihydro-B-Guajene (4) o -Humulene (10)
Alloaromandrene (6) Isolongifolene ( 8)
a-Copaene (5) 4-Methyl-2-Pentanone (7)
1 5
A n a ly s i s  of  f r a c t i o n  1.1 i n d i c a t e d  th e  p resence  o f  9 , 1 0 -  
d ih y d ro g u a jen e  ( 4 ) ,  a -copaene  ( 5 ) ,  a l loa rom andrene  ( 6 ) ,  and f i v e  
u n i d e n t i f i e d  hydrocarbons  of  m o lecu la r  weight  204.
C o n s t i t u e n t s  of  f r a c t i o n  1.2 were 4 -m e th y l -2 -p en tan o n e  ( 7 ) ,  
i s o l o n g i f o l e n e  ( 8 ) ,  germacrene A o r  e-e lemene ( 9 ) ,  and a-humulene
(10) (fig. 2 . 2 ) .  Fu r therm ore ,  seven u n i d e n t i f i e d  hydrocarbons  o f  
m o le c u la r  w eight  204 and t h r e e  oxygenated  hydrocarbons  o f  m o le c u la r  
weigh t  2 2 0  were found.
TABLE 2 . 1 .  GC R e t e n t i o n  T i m e s  o f  4 - M e t h y l - 2 - P e n t a n o n e  a n d  
S e s q u i t e r p e n e  H y d r o c a r b o n s  o f  Guayule.
Compou nd R t 61 ( R t b ) C o n c e n t r a t  i o n c
4 16. 40 (11 . 1 0 ) 50
5 1 7. 78 (11 . 77) 1 9 0
6 1 9 . 70 ( 1 2 . 80 ) 50
7 2. 65 138
8 1 8 . 88 4 98
9 1 9 . 03 720
10 20 . 52 66
a 5 ° C / m i n  
b 1 0 ° C / m i n
° E s t i m a t e d  f r o m  s y r u p  i n  pp m ;  d e t a i l s  g i v e n  i n  t h e  E x p e r i m e n t a l .
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2 . 3 .  STRUCTURE ELUCIDATION OF TRITERPENES ISOLATED
FROM GUAYULE
P a r t i t i o n i n g  and chromatograph ic  p rocedu res  ( d e s c r i b e d  in 
d e t a i l  in  t h e  exper im en ta l  s e c t i o n )  of the  c rude  guayule  e x t r a c t  
p rov ided  two new c y c l o a r t e n o l  d e r i v a t i v e s ,  3 a - h y d r o a r g e n t a t i n  B ( 1 1 ) ,  
and 3 e - h y d r o a r g e n t a t i n  B (1 2 ) ,  and th e  known t r i t e r p e n e s  a r g e n t a t i n  A 
(13) and a r g e n t a t i n  B (1 4 ) .  T he i r  s t r u c t u r e s  were e l u c i d a t e d  by th e  
combined use o f  homo- and h e t e r o n u c l e a r  c o r r e l a t i o n  NMR methods and 
n u c l e a r  Overhauser  e f f e c t  d i f f e r e n c e  (NOEDIFF) s p e c t ro s c o p y  (7-10)  
( F i g s .  2 . 3 - 2 . 1 2 ) .  The d a t a  a r e  summarized in  T a b l e s  2 . 2 - 2 . 4 .
MS of 3 a - h y d r o a r g e n t a t i n  B (1 1 ) ,  mp 218°-220°C,  produced  a 
m o le c u la r  ion  a t  m/z 458,  which t o g e t h e r  w i th  t h e  J H- and 13C NMR 
d a t a  was in  agreement with  t h e  m o lecu la r  formula  C3 QH5 QO3 . A d d i t i o n a l  
mass s p e c t r a l  peaks a t  m/z  399 [M-C3 H7 0 ]+ , m/z 381 [M-C3 H7 O-H2 OJ 
t o g e t h e r  w i th  a broad IR hydroxyl  a b s o r p t i o n  a t  v 3470 cm- * were 
d i a g n o s t i c  o f  a 1 - h y d r o x y - l - m e th y le th y l  moie ty and a hydroxyl  g roup ,  
r e s p e c t i v e l y .
A c h a i r  con fo rm a t ion  f o r  r in g  A as well  as  a t r a n s  f u s i o n  
between r i n g s  A and B were based  on NOEs between Me-29 and H-2e and 
t h e  cyc lopropane  p ro to n  H-19b; Me-28 and H-5,  H-3, H-6 a ;  H-3 and 
H-2a , H-5, H-lc* and an a n t i p e r i p l a n a r  a r rangement of  H-3 and H-2b 
was based  on a l a r g e  c o u p l in g  c o n s t a n t  = ***^ F u r t h e r
NOEs between H-8 , H-19b and th e  a x i a l  H-6 b r e q u i r e d  a n t i p e r i p l a n a r  
ar rangem ent  of  H-6 b and H-5 and a h a l f - c h a i r  co n fo rm a t io n  of  r i n g  B. 
NOEs between Me-18 and H-20, H-12b,  H-15b, H-21; Me-30 and H-17,
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TABLE 2.2. *H NMR Spectral  D ata3 o f  T r ite r p e n e s  11-14 (400MHz, 
CDC1j, TMS as internal standard).
11 12 13 14
la 1.58 1.82 1.83 1.84 dd(br)
78 1.23 1.04 ddd 1.52
2a 1.75 1.89 2.30 ddd 2.30 ddd
28 1.60 1.64 2. 71 ddd 2.71 ddd
Ja 3.27 dd ------ -------
38 ------ 3.47 dd -------
5 1.26 1.82 dd 1.72 1.69 dd
6a 1.62 1.50 1.57
68 0.81 0. 85 dddd 0.94 dddd
7a 1.05 1.14 1.15
78 1.28 1.33 1.41
8 1.59 1.62 dd 1.71
11 a 2.0 1.98 2.07
118 1.01 1.09 1.21
12a 1.56 1.5 5 1.69
128 1.92 1. 93 1.84
25a 1.84 dd 1.85 dd 2.04 dd
258 1.43 dd 1.49 1.56
26 4.59 ddd 4. 57 ddd 4.56 ddd 4.60 ddd
27 1.61 1.59 2.18 d
18 1.13 s 1.15 s 1.46 s 1.17 s
19a 0.33 d 0.35 d 0.60 d 0.57 d
198 0. 59 d 0.55 d 0.83 d 0.81 d (br)
20 2.06 dddd 2.07 dddd -------
21 0. 92 d 0. 93 d 1.29 s 0.94 d
22a 1.41 1.38 2.25
228 1. 73 1. 75 1.71
23a 1.96 1.91 1.90
238 1.57 1.56 1.96
24 3. 57 dd 3.58 dd 3.85 dd 3.59 dd
26 1.11 s 1.09 s 1.26 s 1.09 s
27 1.11 s 1.09 s 1.15 s 1.09 s
28 1.01 s 0. 95 s 1.05 s 1.04 s
29 0.81 s 0.89 s 1.11 s 1.10 s
30 0. 87 s 0.89 s 0.90 s 0.88 s
aJ ( H z ) :  111) :  3 , 2 6  -  11. 2s  3 , 2 a  -  4 . 4 ;  9 5 8 .2 5 a  -  1 3 . 5 ;  2 5 a . 26 -  2 6 ,2 5 o  ■ I ;  1 6 , 1 7  -  6 . 6 s  16 , 156  -
9 . 6 ;  19a,  i 96 -  2 9 8 .2 9 a  * 4 . 2 ;  2 0 , 1 7  » 9 . 0 ;  90 ,22  -  2 1 , 20  -  r t .5 ;  2 0 ,9 9 a  -  10 . 4s  20 , 226  -  5 . 6s  24 , 23a
-  1 2 . 6s  24 , 236  •  2 . 1 .
( 12 ) :  3 , 2 a  -  2s 3 , 26  -  2 . 5 ;  68, 6a •  95, 6 8 , 5  -  10 . 5s  6 6 , 7a  '  14,  66.  76 * 2 . 3 :  2 5 a , 258 •  2 2 . 7 ;
9 5 a , 96 -  8s 1 6 , 1 7  > 9; 96, 958 * 9 . 5 ;  9 9 a , 998 -  9 9 8 ,9 9 a  -  4 . 1 s  20 , 21  -  2 1 , 2 0  •  6 . 4s  2 0 , 1 7  « 9 . 0 ;  
2 0 ,2 2 a  -  1 0 . 4 s 20 , 226  '  5 . 6 ;  2 4 ,298  ■ 2 ;  2 4 ,2 9 a  -  1 1 . 2 .  TAC d e r i v a t i v e :  Me-26,  Me-27  "  9 . 59, 9.  59, 
«08 a t  24; Me-29 •  0 . 9 7 s ,  «0B a t  9 ,9 9 8 ;  Me-28 -  9 . 9 4 s ,  WOr a t  8 and 20 ;  Me-90 » 0 . 9 2 s ,  NOB a t  97. H- 
9 -  4 . 8 2 ;  H-96 -  4 . 6 8 ;  H-74 » 9 . 8 8 ;  WH » 8 . 2 ;  HH •  8 . 9 .
f J J i ;  2 a , 28 -  2 8 , 2a » 9 4 . 2 ;  2 a , 16 -  4 . 2 ;  2 a , l a  •  2 . 5 ;  2 8 ,9 8  -  6 . 5 ;  2 8 , 9a  -  9 2 . 0 ;
95a,  958 * 99;  9 5 a , 96 * 9 6 ,9 5 a  -  8 ;  9 6 , 9 7  -  9 7 , 9 6  * 8 . 9 ;  9 6 ,9 5 8  -  5 . 2 ;  9 9 a , 998 -  9 9 8 ,9 9 a  -  4 . 9 ;
24 ,2 9 8  » 8 . 6 ;  2 4 ,2 9 a  -  7 .6 .  WC d e r i v a t i v e ;  Me-26,  Me-27 -  1 . 4 7 ,  1 . 5 3 ;  H-24 -  3 . 8 6  d d ;  H-96 -  5 .69
ddd ;  H-17 -  2 . 45  d ;  m  -  8 . 2 :  NH -  8 . 6 .
( 1 4 ) :  2 a , 28 -  28 , 2a  '  9 4 . 2 ;  2 a , 98 -  4 . 9 ;  2 a , 9 a  * 2 . 6 ;  2 8 ,9 8  * 6 . 9 ;  2 8 , 9a -  9 2 . 0 ;
9 6 ,9 5 a  -  7 .8 ;  9 6 ,9 7  •  8 . 7 ;  96 ,9 5 6  * 9 . 6 ;  99a ,  998 » 9 9 8 ,9 9 a  * 4 . 4 ;  2 9 ,2 0  -  6 . 7 ;  24 ,296  -  2 . 0 ;  2 4 ,29a
» 9 2 .5 .
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T A B L E  2 . 3 .  NOE D a t a  o f  T r i t e r p e n e s  1 2 - 1 3
I r r a d i a t e d O b s e r v e d  NOEs
P r o t o n 11 1 2 13
l a
IB 1 a ,  2a
2B 2a
3a 2 a , 5 a , l a
36 26
5 6a
66 8 6a, 8 6a, 76, 8
7a 76, 5 5
11 B IB
1 2 a 12B
1 5 a 1 5B,  16
1 6 2 3 a ,  1 5 a ,  1 7 ,  3 0 ,  26 1 5 a ,  1 7,  2 3 a 1 5 a ,  1 7
17 1 2 a
1 8 2 0 , 1 2 B ,  1 5 B ,  21 1 2B,  1 5 6 , 2 0 ,  8 8 , 1 2 B
1 9 a 19B 19B I B ,  19B
1 96 1 9 a ,  8 ,  2 9 ,  6B 1 9a ,  8 8 , 1 9 a ,  1 8
206 24
21 1 8 , 2 0 B , 1 7 ,  2 2 a ,  2 2 6 2 0 6 , 1 7 , 2 2 a , 226 1 7 ,  2 4 , 1 8 , 1 2 B ,  226
2 2 a 226 226
226 22a , 2 3 6 , 24 1 7
2 4  B 2 0B,  2 3B,  2 7 206 23 B
2 6 ,  2 7 1 6 , 2 3 B , 2 4 24 2 4 ,
28 3,  6 a ,  5 6a, 3,  5 5,  6a
2 9 2 B , 1 9 B 3 , 1 9 B , 2 B 1 9 B,  26
3 0 1 7 , 1 5 a , 1 1 a , 1 6 1 5 a ,  1 7 , 1 1 a 1 7 , 1 1 a , 1 5 a
H-15a,  H-16 and th e  a x i a l  H - l l a  and W c o up l ing  between Me-30 and H- 8  
and H-15e i n d i c a t e d  a boa t  con fo rm a t ion  f o r  r i n g  C as  well  a s  c i s  
f u s i o n  w i th  r i n g  B and t r a n s  f u s i o n  with  r i n g  D. Coupling c o n s t a n t s
J 15a ,16  = ® Hz; J 16 17 = 8 * 8  Hz and N0Es between and H-15a,
H—17, H-23a; Me-21 and H-17,  H-18,  H-22a,  H-22a; H-24 and H-20e and 
H-23e as wel l  as  NOEs between Me-26 and Me-27 from 1 - h y d r o x y - l -  
m e th y le th y l  moiety  and H-23e,  H-24e and H-16 i n d i c a t e d  a c i s  f u s i o n
19
FIGURE 2 . 3 .  *H NMR S p e c t r a  o f  3 a - H y d r o a r g e n t a t i n  B (11)  and
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between r i n g s  D and E, as  well  as  an envelope  con fo rm a t ion  o f  r i n g  D 
and a boat  confo rm a t ion  of  r i n g  E.
MS of 3 e - h y d r o a r g e n t a t i n  B (12) ,  mp 125-128°C, produced a 
m o le c u la r  ion a t  m/z  458 in  agreement w ith  t h e  m o le c u la r  fo rmula  
C3 0 H5 0 O3 . I t s  s p e c t r a l  d a t a  were very s i m i l a r  t o  th o s e  of  compound 11. 
Mass s p e c t r a l  peaks a t  m/z 399 [M-C3 H7 O] m/z 381 [M-C3 H7 O-H2 O] a 
broad IR hydroxyl  a b s o r p t i o n  a t  v 3391 cm"* and pa ram agne t i c  s h i f t s  
f o r  H-3, Me-26 and Me-27 o f  1 .35 ,  0.43 and 0 .45  ppm, r e s p e c t i v e l y ,  
i n d i c a t e d  t h e  p resence  o f  a secondary hydroxyl group a t  C-3 and a
1 - h y d r o x y - l - m e th y le th y l  moie ty  as in 11. The l a t t e r  moie ty  had to  be 
in  p ro x im i ty  t o  an e t h e r  group as r e v ea led  by NOE d i f f e r e n c e  
s p e c t ro s c o p y  o f  11 and i t s  t r i c h l o r a c e t y l c a r b a m a t e  (TAC) d e r i v a t i v e
(1 1 ) .  A c h a i r  confo rm a t ion  of  r i n g  A and a h a l f - c h a i r  o f  r i n g  B was 
based on:  (a )  W coup l ing  between H - le  and th e  e q u a t o r i a l  H-3,  (b)
NOEs between H-29 and H-3, H-2s and the  cyc lopropane  p ro to n  H-19e,
(c)  NOEs between H-28 and H- 6 a ,  H-3 and H-5, and (d)  d e s h i e l d i n g  o f  
H-5 due to  a x i a l  i n t e r a c t i o n  w i th  th e  hydroxyl  moie ty  a t  C-3 ( a s  (12 -  
11) f o r  H-5 = 0 .56  ppm). The conformat ion  o f  r i n g s  B, C, D, and E as  
well  as  t h e  r e l a t i v e  c o n f i g u r a t i o n  o f  th e  remain ing  c h i r a l  c e n t e r s  
were e s t a b l i s h e d  th rough  t h e  same arguments t h a t  were d e s c r i b e d  f o r  
compound 1 1 .
I n s p e c t i o n  of  t h e  J H NMR s p e c t r a  of  11 and 12 showed an 
expec ted  u p f i e l d  chemical  s h i f t  of  H - le ,  H - l l e ,  H-6 e ,  H-8 , H-19a and 
H-19e due t o  t h e  d iam agne t ic  a n i s o t r o p i c  e f f e c t  of  t h e  cy c lo p ro p a n e
FIGURE 2 . 4 .  *H NMR Spec trum  o f  3 & -H ydroargen ta t in  B ( 1 2 ) .
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FIGURE 2 . 5 .  1H NMR COSY S p e c t r u m  o f  t h e  U p f i e l d  R e g i o n  o f  3&-  
H y d r o a r g e n t a t i n  S  ( 1 2 ) .
FIGURE 2 6 .  NOEDIFF S p e c t r a  o f  3 $ -  
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FIGURE 2 . 7 .  TAC D e r i v a t i v e  a n d  NOEDIFF S p e c t r a  
o f  3g-Hydroargentatin B ( 1 2 ) .
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FIGURE 2 . 8 .  DEPT 90 ,  1 3 5  a n d  BB NMR S p e c t r a  o f  30-  
H y d r o a r g e n t a t i n  B ( 1 2 ) .
DEPT 90 «
24 3 16 CH
17
20





















FIGURE 2 . 9 .  NOE E f f e c t s  o f  3 0 - H y d r o a r g e n t a t i n  B ( 1 2 ) .
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r i n g  ( 1 2 , 1 3 ) .  S h i e l d in g  o f  H-15b r e l a t i v e  t o  H-15a and a dow nf ie ld  
chem ical  s h i f t  o f  H-20 must  be due t o  t h e i r  i n t e r a c t i o n  w i th  t h e  
e t h e r  oxygen o f  t h e  oxepane r i n g .  As a r e s u l t  a b o a t  con fo rm a t ion  
t h a t  i s  i l l u s t r a t e d  in F i g .  2 . 9  a n d  2 . J 3  can be d e r i v e d .
The u p f i e l d  chemical  s h i f t  observed  f o r  t h e  C-5 r e s o n a n c e ,  
which i s  gauche to  t h e  3-oxygen in 11, r e l a t i v e  t o  t h e  1 3 C NMR 
r e s o n a n c e  of  an analogous  carbon w i th  th e  a n t i - c o n f o r m a t i o n  t o  t h e  
3-oxygen in  12 can be e x p la in e d  by th e  s y n - Y - e f f e c t  . A d d i t i o n a l l y ,  
m u l t i p l e  Y-gauche e f f e c t s  o ve r  C-29 in 11 can e x p l a i n  t h e  11.4 ppm 
chem ica l  s h i f t  d i f f e r e n c e  w i th  C-28, and conf i rm  th e  im por tance  of  
long r ange  s t e r i c  e f f e c t s  ( 1 6 ) .
MS of a r g e n t a t i n  A (1 3 ) ,  mp 165-167°C, produced a m o le c u la r  
ion  a t  m / z  472 in  agreement w ith  th e  formula  C g ^ ^ g O ^  A d d i t i o n a l  
mass s p e c t r a l  peaks a t  m / z 454 [M-H2 0 ]+ , m / z 396 [M-H2 0 -C3 H7 0 +H]+ , 
m / z  312 [M^HgO-CgHyO-CgHgO]*, and IR a b s o r p t i o n s  c o r r e s p o n d in g  t o  a 
hydroxyl  a t  v 3391 cm- '* and ke to  group a t  v 1720 cm- '*', as  wel l  a s  a 
1.05 ppm s h i f t  o f  t h e  p ro to n  geminal  t o  hydroxyl in  t h e  TAC 
d e r i v a t i v e ,  i n d i c a t e d  th e  p re s e n c e  o f  a secondary hydroxyl  and a
2 - a l k y l - 5 - ( 1 - h y d r o x y - l - m e t h y l e t h y l ) - 2 - m e t h y l t e t r a h y d r o f u r y l  g roup .  A 
c h a i r  con fo rm a t ion  o f  r i n g  A was d e r iv e d  from NOEs between Me-28 and 
H-5, H-6 a ;  Me-29 and H-2e and th e  cyc lopropane  p r o t o n  H-19b and 
c o u p l in g  c o n s t a n t s  o f  p ro to n s  a t  C-l  and C-2 and t h e i r  compar ison
T h e  s y n - y - e f f e c t  r e p r e s e n t s  s h i e l d i n g  o f  y - c a r b o n s  t h a t  a r e  p l a c e d  
i n  g a u c h e  c o n f o r m a t i o n . D i f f e r e n t  i n t e r p r e t a t i o n s  f o r  t h i s  e f f e c t  
h a v e  b e e n  p r o p o s e d  ( 1 4 , 1 5 ) .
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TABLE 2.4. 13C NMR Spectral Dataa 'b of Triterpenes 11-14 and
Sesquiterpene Esters 15,17 (C D C1y TMS as internal 
standard).
c 11 12 13c 14c 15 17
I 31.9 t 27.4 t 33.3 t 33.4 t 129.1 d 128.0 d
2 30.4 t 28.6 t 37. 5 t 37.4 t 26.5 t 26. 5 t
3 78.8 d 77.0 d 215.2 s 216.2 s 40.5 t 40.3 t
4 40.5 s 39.6 s 50. 2 s 50.2 s 136. 5 s 137.0 s
5 47.1 d 41.0 d 48. 6 d 48.4 d 125.0 d 125. 0 d
6 20.9 t 20. 9 t 21.4 t 21.4 t 32.5 d 32. 8 d
7 26.2 t 25.8 t 26. 0 t 26.0 t 28. 0 d 28. 3 d
8 47.4 d 47. 5 d 47. 8 d 47.3 d 76.0 d 75.8 d
9 19.8 s 19. 7 s 20. 7 s 20.9 s 43.0 t 42.8 t
10 26.2 s 26.6 s 26.3 s 26.1 s 130. 5 s 130.0 s
11 26.0 t 25. 8 t 26. 6 t 26.3 t 21.6 s 21.6 s
12 32.8 t 32.8 t 33.2 t 32.8 t 28.4 g 28.6 g
13 45.8 sd 45. 7 sd 46. 5 s 45.9 s 15.0 g 15.0 g
14 45.9 sd 46.0 sd 46. 6 s 45.9 s 21.0 g 21.0 g
15 44.9 t 44. 9 t 48.4 t 44.9 t 18.0 g 18.0 g^
16 74.9 d 74. 9 d 73.8 d 74.9 d 167.0 s 166.0 s
17 57.5 d 57.4 d 55.8 d 57.5 d 119.0 d 126.5 s
18 18.7 Q 18.6 g 21.0 g 18.7 g 144.5 d 131.5 d
19 30.0 t 29.8 t 30.1 t 29.6 t 135.0 s 113.5 d
20 29.0 d 29.0 d 87.1 s 29.0 d 129.0 d 163.0 sd
21 20.9 <3 20. 9 g 25.4 g 20.9 g 129.5 d 113.5 d
22 3 5 . 5 t 35. 6 t 37.4 t 35.5 t 135.0 s 131.5 d
23 23.4 t 23.5 t 23. 9 t 23.4 t 129.5 s 65.5 g
24 82.5 d 82.5 d 84.5 d 82.6 d 129.0 s
25 73.2 s 73.2 s 71.0 s 73.2 s
26 24.0 g 24.0 g 27.4 g 24.0 g
27 25.6 g 25. 7 g 26.1 g 25.6 g
28 25.4 g 25. 9 g 22.2 g 22.2 g
29 14.0 g 21.4 g 20.8 g 20.8 g
30 19.5 g 19.5 g 20.3 g 19.5 g
Mult i p l i c i t y  assigned from DEPT spectrum. 
bll-13 (100 MHz); 14, 15 and 17 (50 MHz).
°In agreement with previous assignments (19) 
dAssignments are interchangeable.
PIGURE 2.10. Structure of Guayulin A (15) 
and Guayulin B (17).
° R II E M
R = CCH =CH -J \ 0 ) 2z
16 17 18 2 4  23
( 15)
R =
O 2 2  21
( 17)
FIGURE 2 . 1 1 .  2 D 1H 13C C o r r e l a t i o n  S p e c t r a  o f  3 &-Hydroargentat  i n  B ( 1 2 ) .
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w ith  r e p o r t e d  coup l ing  c o n s t a n t s  o f  3 - o x o t r i t e r p e n o i d s  ( 1 7 ) .  F u r th e r  
NOEs between H-6 b and H-7b,  H 8 ;  and H-19b and H - 8  i n d i c a t e d  a h a l f ­
c h a i r  confo rm a t ion  o f  r i n g  B and i t s  trans  f u s i o n  with  r i n g  A. 
A d d i t i o n a l  NOEs between Me-18 and H - 8 ,  H - 1 2 s ,  Me-30 and H - l l a ,  H - 1 7 ,  
H - 1 5 a ;  H - 1 6  and H - 1 5 a ,  H - 1 7 ;  H - 1 7  and H - 1 2 a ,  and W c o u p l in g  between 
Me-30 and H - 1 5 e  were in  accord  w i th  a boat  confo rm a t ion  of  r i n g  C as 
well  as  trans  f u s i o n  w i th  r i n g  D. Fur the rm ore ,  NOEs between Me-21 
and H - 1 7 ,  H - 2 4 ,  H - 1 8 ,  H-12b; H - 2 4  and H - 23e ; and equal  NOEs between 
Me-26, Me-27 and H - 2 4  were in  agreement w ith  an envelope  co n fo rm a t io n  
of  r i n g  D and prov ided  in fo rm a t io n  about t h e  r e l a t i v e  s t e r e o c h e m i s t r y  
a t  C-17,  C-20,  and C - 2 4 .  The d a t a  a l s o  i n d i c a t e d  t h a t  t h e  major  
ro tam er  between C - 2 4  and C - 2 5  p la c e s  th e  t e t r a h y d r o f u r a n  r i n g  a lmost  
p e r p e n d i c u l a r  t o  t h e  p la n e  o f  r i n g  D, Me-21 be ing in  an e q u a t o r i a l
p o s i t i o n .  1 t\ and 1 3 C NMR resonance  ass ignments  of t h e  p r o c h i r a l  
methyl g roups  Me-26 and Me-27 were based on th e  i H NMR d e s h i e l d i n g  
e f f e c t  of  t h e  C-16 hydroxyl  moie ty and J 3 C NMR s y n - y - e f f e c t ,  be ing  
a n t i p e r i p l a n a r  and g c jch e  t o  th e  t e t r a h y d r o f u r a n  oxygen, r e s p e c t i v e l y  
( 1 8 ) .  Th is  confo rm at ion  must be mainly due to  hydrogen bonding 
between th e  two hydroxyl  groups  a t  C-16 and C-25.
The s t r u c t u r e  o f  a r g e n t a t i n  B (14) was e s t a b l i s h e d  by 
compar ison o f  i t s  NMR d a t a  w i th  those  of  11-13 and p r e v i o u s l y  
r e p o r t e d  d a t a  (19 ) .
The mass s p e c t r a l  f r a g m e n ta t i o n s  of  th e  e p im e r ic  t r i t e r p e n e s  
3 a -  and 3 e - h y d r o a r g e n t a t i n  B were very  s i m i l a r  (scheme 2 .1 ). An 
"onion"  c l eavage  o f  t h e  p a r e n t  ion a t  m/z  458,  w i th  lo s s  o f  a 
d im e th y l c a r b in o l  moiety led  to  f ragment A (m/z 399) ,  f u r t h e r  l o s s  of
29
r e s u l t e d  in  c a t i o n  B (m / z  381).  Cleavage of C(17)-C(20)  bond of  
c a t i o n  B p rov ided  f ragm en ts  C and D (m / z 8 5 ) ,  and a d d i t i o n a l  l o s s  of  
CO from D r e s u l t e d  in  E (m / z 5 7 ) .  F u r th e r  e x t r u s i o n  o f  Me and C3 H4  
from i n t e r m e d i a t e  C gave c a t i o n  r a d i c a l  F (m / z  241 ) ,  which a f t e r  t h e  
l o s s  o f  t h e  r e s p e c t i v e  n e u t r a l  f ragments  C3 H4  and C2 H2  formed H 
( m / z 175) (sequence  F,G,H).  Rearrangement o f  t h e  cyc lop ropane  r i n g  
and r e t r o - D i e l s - A l d e r  p ro c e s s  of  r i n g  A gave ion I ,  which by f u r t h e r  
e x t r u s i o n  of  H2  r e s u l t e d  in  the  t ro p y l iu m  ion J  (m / z 9 1 ) .
The m o lecu la r  s t r u c t u r e s  of  t r i t e r p e n e s  11, 12 and 14 were 
conf irmed by s i n g l e  c r y s t a l  X-ray c r y s t a l l o g r a p h y  and a r e  shown in 
F i g .  2 . 1 3 .
A p o s s i b l e  b i o g e n e t i c  r o u t e  f o r  the  fo rm a t io n  o f  t h e  oxepane 
and t e t r a h y d r o f u r a n  r i n g s  of  th e  t r i t e r p e n o i d s  would i n v o lv e  c a t i o n  A 
as a s t a r t i n g  p o in t  ( s c h e m e  2 . 2 ) .  Double hyd r ide  s h i f t  i n v o l v in g  th e  
a n t i p e r i p l a n a r  H-13 and H-17 fo l low ed  by a double  methyl s h i f t  as  
i n d i c a t e d  by th e  arrows in p a r t i a l  formula  A ( S c h e m e  2 . 2 ) would a f t e r  
e p o x i d a t i o n  p rov ide  i n t e r m e d i a t e  B. Subsequent  n u c l e o p h i l i c  a t t a c k  
o f  t h e  hydroxyl  group a t  C-16 a t  th e  epoxide  ca rbon  C-24 would form 
t h e  oxepanes  r i n g  in compounds 11, 12, and 14.
A l t e r n a t i v e l y ,  f o rm a t io n  of  a C-17-C-20 double  bond by lo s s  o f  
H-17 in  A cou ld  invo lve  a 6 - e p o x i d a t i o n  of  t h e  C-17-C-20 doub le  bond; 
epox ide  opening could t r i g g e r  a H-13 t o  C-17 h yd r ide  s h i f t  fo l lo w ed  
by two methyl  s h i f t s  ana logous  t o  th e  fo rm a t io n  of  B. F u r t h e r  
e p o x i d a t i o n  of  th e  C-24-C-25 double  bond and s ubse quen t  n u c l e o p h i l i c  
a t t a c k  o f  t h e  C-20 hydroxyl group a t  C-24 would g iv e  th e  
t e t r a h y d r o f u r a n  s k e l e t o n  as  in compound 13.
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FIGURE 2 . 1 2 .  1H NMR COSY Spe c tru m  o f  t h e  V p f i e l d
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2 .4 .  STEREOCHEMICAL STUDY OF DESACYLGUAYULIN A 
USING MODERN NMR TECHNIQUES
R e c e n t ly ,  t h e  m o lecu la r  s t r u c t u r e  o f  g u ay u l in  A ( 1 5 ) ,  a 
p r i n c i p a l  component of th e  guayule  r e s i n  ( 2 ) ,  was de termined  by X-ray 
c r y s t a l l o g r a p h y  (2 0 ) .  Guayul in  A, an e l i c i t o r  o f  a l l e r g i c  c o n t a c t  
d e r m a t i t i s  i n  s e n s i t i z e d  s u b j e c t s  ( 2 1 ) ,  i s  a l l e g e d l y  a r e s e r v o i r  of  
t h e  a l l e l o p a t h i c  cinnamic  ac id  ( 3 ) .
S a p o n i f i c a t i o n  of  g u a y u l in  A provided  i t s  p a r e n t  a l c o h o l ,  
d e s a c y l g u a y u l i n  A (1 6 ) .  The s t e r e o c h e m i s t r y  and s o l u t e  con fo rm a t ion  
o f  d e s a c y l g u a y u l i n  A were de te rmined  by th e  use of  modern NMR 
te c h n iq u e s  ( 7 , 8 , 2 2 ) .  A lso ,  th e  j h and 1 3 c  NMR ass ig m e n ts  a r e  
d e s c r i b e d  below.
NMR SPECTRAL ASSIGNMENTS OF DESACYLGUAYULIN A (1 6 )
The ass ignm ent  of  t h e  *H NMR spectrum of 16 invo lved  th e  
combined u t i l i z a t i o n  o f  a complementary COSY spectrum and NOEs 
(23 ,24)  (Fig. 2 . 1 4  and T a b l e  2 . 5 ) .  The r e l a t i v e  c o n f i g u r a t i o n  as  
well  as  t h e  d e t e r m i n a t i o n  o f  t h e  major  con fo rm a t ion  of  16 a t  ambien t  
t e m p e r a t u r e  was based  on NOEDIFF and 2D-N0E (NOESY) expe r im en t s  a t  
200 MHz, and was conf irmed  by th e  r e s u l t s  o f  th e  CONOESY exper im en t  
a t  400 MHz. The use o f  NOEDIFF and NOESY was complementary.  
I r r a d i a t i o n  of  " i s o l a t e d  p r o to n s "  showed a c l e a r  NOEDIFF spec t rum ,  
w h i l e  t h e  NOESY exper iment was used to  o b t a i n  NOE d a t a  between
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p r o to n s  in  t h e  "crowded" r e g io n  between 1.7 and 2 .3  ppm. 2D-C0N0ESY 
a t  400 MHz was used as a f a s t  t e ch n iq u e  to  conf i rm  i t s  2D-C0SY 
spec trum and NOE d a t a  o b ta in e d  a t  200 MHz. The s e c t i o n  p l o t  o f  t h e  
2D j - r e s o l v e d  exper im en ts  gave more a c c u r a t e  c o up l ing  c o n s t a n t s  than  
t h e  2D j - r e s o l v e d  p l o t .
The p r e s en ce  of  t r a n s  double bonds in  16 was e s t a b l i s h e d  
p r i m a r i l y  from th e  absence  o f  NOEs between Me-14, Me-15 and t h e  two 
v i n y l i c  p ro to n s  H-l and H-5. NOEs between th e  v i n y l i c  p r o to n s  H-l  
and H-5, Me-13 and H-5 and H-8 , Me-12 and H- 6  and H-7 prov ided  
ev id en ce  f o r  th e  con fo rm a t ion  in which th e  cyc lopropane  r i n g ,  v i n y l i c  
p r o to n s  as well  as  th e  a x i a l  p ro to n  geminal t o  a hydroxyl  were above 
th e  p l a n e ,  w h i le  bo th  v iny l  m e th y ls ,  Me-14 and Me-15, were below t h e  
p l a n e .  F ina l  d e t e r m i n a t i o n  of t h e  con fo rm a t ion  was p rov ided  by th e  
NOEs between o t h e r  p ro to n s  as  shown in Table 2 . 5 ,  as well  as  
m o l e c u la r  model c o n s i d e r a t i o n s  based on coup l ing  c o n s t a n t s  d e r iv e d  
from t h e  j - r e s o l v e d  methods ( F i g .  2 . 1 5 ) .
I n s p e c t i o n  of  a 1 3 C broad band (BB) spec trum of  16 i n d i c a t e d  
t h e  p re s e n c e  o f  15 c a r b o n s ,  t y p i c a l  f o r  a s e s q u i t e r p e n e .  The DEPT 90 
spec trum i n d i c a t e d  f i v e  meth ine  s i g n a l s  and t h e  DEPT 135 spec t rum 
gave p o s i t i v e  s i g n a l s  due t o  f o u r  methyl ca rbons  i n  a d d i t i o n  t o  t h e
CONOESY i s  a p r o g r a m  t h a t  p e r f o r m s  COSY a n d  NOESY s i m u l t a n e o u s l y  
( B r u k e r  I n s t r u m e n t  AM400 M a n u a l  P r o g r a m ) .
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TABLE 2 . 5 .  3 H NMR R e s o n a n c e  A s s i g n m e n t s  a n d  N u c l e a r  O v e r h a u s e r  
E f f e c t s a o f  D e s a c y l g u a y u l i n  A ( 1 6 ) .
6* m° ' H 1 2a 28 3a 36 5 6 7 8 9a 96 1 2  13  14  15
4 .  92 d d 1 + + + + +
2 .  0 2a + + ■t
2 . 1 5 28 + + ■i
2 . 1 9 3a + + +
1 .  9 38 + + +
4 . 4 d 5 + + + - +
1 . 5 2 d d 6 + + +
0.  76 d d 7 + +
3 . 6 2 d d d 8 + + + +
1 .  87 d d 9a +
2.  71 d d 96 •f - +
1 . 1 6 s 12 + +
1 . 2 2 s 13 -t +
1 . 5 2 d 14 +
1 . 6 6 d 15 i
a NOEDIFF 5 <----- > I1V*■>•*1 ---> 9 n e g a t i v e ;  S I = 1 6 K ;  DP = 4 1 L ;  D1 =
0.  2;  D2 •= 2; NE = 8; NS = 32. R e c y c l e  d e l a y = 2  s e c .
NOESY: S I = 0 . 5  x 0.  5 K; NS = 6 4 ;  NE = 2 5 6 ,  m i x i n g  t i m e  = 1 s e c
( o v e r n i g h t )
CONOESY: S I  = 0 . 5  x  0 . 5  K; NS = 1 6 ;  NE = 2 5 6 ;  RD = 1 ;  D1 = 1 ,
D9 = 1 ;  (3  h o u r s ) .  B r u k e r  AM 4 0 0 .
b  pp m;  r e l a t i v e  t o  TMS. 0 . 1  mM CDC1j .  B r u k e r  WP 2 0 0 .
c  Fro m J - r e s o l v e d  e x p :  S I  = 0 . 5  x  0 . 2 5  K; NS=64 ( o v e r n i g h t )
J ( H z ) :  5 , 6  = 6 , 5  = 1 2 ;  5 , 1 5  = 1 5 , 5  = 2 . 2 ;  6 , 7  = 7 , 6  = 9; 7 , 8  = 8 , 7  
= 1 0 . 5 ;  8 , 9 a = 9a,  8 = 1 1 ;  8 , 9 6  = 5 . 3 ;  1 4 , 1 = 1 . 5 ;  9a ,  98 = 1 3 ,  98 ,  1 = 
1 .6 .
m eth ine  s i g n a l s  and t h e  n e g a t iv e  s i g n a l s  o f  t h r e e  m e th y le n e s .  Bands 
o f  t h e  t h r e e  q u a t e r n a r y  ca rbons  were p r e s e n t  in  th e  BB spec t rum  bu t  
were a b s e n t  in  a l l  m u l t i p u l s e  DEPT s p e c t r a .
Combined u t i l i z a t i o n  of  d a t a  o b ta in e d  from 2D j Hj h NMR 
c o r r e l a t i o n ,  NOEDIFF and J H 1 3 C c o r r e l a t i o n  ( F i g .  2 . 1 6 ) ex p e r im en t s  
a l lowed  th e  ass ignment o f  ca rbon  re s o n a n c e s  of  t h e  same m u l t i p l i c i t y  
and conf irmed a l l  t h e  p ro to n  a s s ig n m e n ts .
FIGURE 2 . 1 4 .  NOE E f f e c t s  and *H NMR COSY and NOESY S p e c t r a  o f  D e s a c y l g u a y u l i n  A ( 1 6 ) .
(a) 2H NMR COSY (200 MHz)
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FIGURE 2 . 1 6 .  DEPT, BB, and 2D C o r r e l a t i o n  S p e c t r a  o f
D e s a c y l g u a y u l i n  A ( 16) .












BB and DEPT at 50HHZ; 0.3mM, 3 hours. Jc-H(Hz) based on H-C J- 
resolved method: SI=256xl28w, NS=64 (overnight).
fie 126.5 (d,152,C-l), 25.0 (t,132,C-2), 40.2 (t,132,C-3), 136.6 (s, 
4), 125.2 (d,155,C-5), 35.5 (d,162, C-6), 28.4 (d,160,C-7), 72.1 
(d,148,C-8), 46.2 (t,131,C-9), 128.5 (s,C-10), 20.5 (s,C-ll), 28.9 
(g,126,C-12), 15.2 (g, 126, C-13), 20.2 (g,125,C-14), 16.2 (g,125,C- 
15). HC Correlation; D1 = 2; D3  = 0.0059 (170 Hz); D4 = 0.0030.
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2 . 5 .  EXPERIMENTAL
General  Exper imenta l  P rocedures  -  M el t ing  p o i n t s  were 
de te rm ined  on a Thomas Hoover a p p a ra tu s  and a r e  u n c o r r e c t e d .  S p e c t r a  
were r e c o rd e d  w i th  t h e  fo l l o w in g  in s t r u m e n t s :  NMR: Bruker  AM 400
(400 MHz); Bruker WP 200 (200 MHz); IR: IBM-32; MS: HP-5985 GC-MS 
sys tem.
Source :  The ace tone  e x t r a c t  Of P a r t h e n i u m  a r g e n t a t u m
(Guayule)  was p rovided  by Centro de I n v e s t i g a c i o n  en Quimica A p l ic ada  
(CIQA), S a l t i l l o ,  C o ah u i la ,  Mexico.
I s o l a t i o n  -  Crude syrup  (200 g) Of P a r t h e n i u m  a r g e n t a t u m  was 
p a r t i t i o n e d  between MeOH^O (9 :1 )  and pe t ro leum  e t h e r .  Column 
chromatography o f  t h e  pe t ro leum  e t h e r  e x t r a c t  over  s i l i c a  ge l  w ith  
CHCl3 /Me2 C0  m ix tu re s  o f  i n c r e a s i n g  p o l a r i t y  gave 1 2  f r a c t i o n s .  
R e c r y s t a l l i z a t i o n  of  f r a c t i o n  1 (2 .5  g) from pe t ro leum  e t h e r  fo l low ed  
by p r e p a r a t i v e  TLC (cyclohexane:CHCl 3 , 1 :1 )  gave g u a y u l in  A (15) and 
g u a y u l in  B (17) ( F i g .  2 . 1 0  and T a b l e  2 . 4 ) . The mother l i q u o u r s  were 
chromatographed over  s i l i c a  gel  f i r s t  w ith  pe t ro leum  e t h e r  fo l low ed  
by i n c r e a s i n g  amounts of  d ic h lo rom ethane  (CH2 CI2 ) and a c e to n e ;  t e n  
f r a c t i o n s  were c o l l e c t e d .
GC-MS a n a l y s i s  of  f r a c t i o n s  1.1 and 1 . 2 .  — A 30 m x 0 .25  mm x
0 . 2  v  0V-1 bonded phase fu sed  s i l i c a  c a p i l l a r y  column was used f o r  
t h e  GC-MS a n a l y s i s .  The i n j e c t i o n  t e m p e ra tu r e  was 250°C, column head
c
p r e s s u r e  was 10 p s i g ,  o u t l e t  ~ 1 x 10 T o r r ,  t r a n s f e r  l i n e s  were a t  
250°C. The t e m p e ra tu r e  program was 40°C/min;  (a )  5°C/min,  o r  (b)  
10°C/min;  260°C/7 min.  A na lys i s  o f  f r a c t i o n s  1.1 (500 mg) and 1 .2
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(400 mg) by GC-EIMS i n d i c a t e d  th e  p resence  o f  compounds 4-10 (41.6%) 
and unknown c o n s t i t u e n t s  (58.4%).  { F i g .  2 . 1 , 2 .2 , and T a b l e  
2 . 1 ) .
U n i d e n t i f i e d  compounds: F r a c t i o n  1 . 1 .  F ive  u n i d e n t i f i e d
hydrocarbons  o f  MW 204 were found:  Rta / R t *3 ( c o n c e n t r a t i o n ,  ppm):
1 6 .8 3 /1 1 .3 3  (190) ,  1 7 .7 8 /1 1 .8 3  (1 9 0 ) ,  1 8 .02 /11 .92  (710 ) ,  1 8 . 3 8 /1 2 .1 5  
(210) ,  2 2 . 4 0 /1 4 .2 2  (1 3 0 ) .  F r a c t i o n  1 .2 .  Seven u n i d e n t i f i e d  
hydrocarbons  o f  MW 204 were found:  R ta ( c o n c e n t r a t i o n ,  ppm); 17.78
( 8 8 . 5 ) ,  18.72 (183) ,  19.32 (1 4 7 ) ,  19.68 ( 4 8 ) ,  20 .70  ( 6 ) ,  21 .22  (2 3 7 ) ,  
21 .32  ( 4 1 ) .  Three oxygenated  u n i d e n t i f i e d  hydrocarbons  of  MW 220 
were found:  Rta ( c o n c e n t r a t i o n ,  ppm); 21 .35 ( 2 1 ) ,  23 .43 (4 6 2 ) ,  24 .03  
(288) .
The com puter ized  mass s p e c t r a l  s ea rch  sys tem,  used f o r  t h e  
i d e n t i f i c a t i o n  o f  t h e  n a t u r a l  p r o d u c t s ,  employs p r o b a b i l i t y  based  
s e a r c h i n g .  This  system i n c o r p o r a t e s  two im por tan t  f e a t u r e s :  ( i )
d a t a  " w e ig h t i n g " ,  s p e c i f i c a l l y  mass and abundances ;  ( i i )  " r e v e r s e  
s e a r c h i n g " ,  i.e., t h e  s e a rc h  compares t h e  peaks  of  t h e  r e f e r e n c e  
spec trum ( n a t u r a l  p ro d u c t )  t o  t h a t  of  t h e  unknown spec trum ( l i b r a r y  
compound). F i g u r e  2 . 1 shows an example of  t h e  r e s u l t  of t h e  l i b r a r y  
s e a rc h  i n  which t h e  to p  spec trum co r re sp o n d s  t o  t h e  n a t u r a l  p ro d u c t  
and th e  bottom spectrum t o  t h e  l i b r a r y  compound. The bottom p o r t i o n  
l i s t s  s e r i a l  numbers f o r  Chemical A b s t r a c t s  S e rv ic e  (CAS), 
Environmenta l  P r o t e c t i o n  Agency (ERA) and t h e  Nat iona l  Bureau of  
S ta n d a rd s  (NBS). I t  a l s o  g iv e s  th e  m o lecu la r  fo rmula  and m o le c u la r  
w e ig h t .  The match f a c t o r  ( 0 .9 6 1 0 ) ,  which i d e a l l y  should  be 1 .0000 ,  
w e igh t s  t h e  whole spectrum whereas th e  m u l t i p l i e r  (63.2%) i s  based  on
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t h e  match of  t h e  base  p eak s ;  bo th  a r e  im por tan t  f a c t o r s  when 
d e t e rm in in g  t h e  r e l i a b i l i t y  of  a match .  "Contaminated" r e f e r s  t o  
peaks  which a r e  much l a r g e r  in t h e  n a t u r a l  p ro d u c t  t h a n  in  t h e  
l i b r a r y  spec t rum .
R e c r y s t a l l i z a t i o n  o f  f r a c t i o n s  2  and 3 from CHCI3  f o l lo w ed  by 
a p r e p a r a t i v e  TLC with  CHC13 /E t£0  (4 :1 )  gave 15 mg and 35 mg o f  pure  
14 and 11,  r e s p e c t i v e l y .
R e c r y s t a l l i z a t i o n  o f  f r a c t i o n  4 in  CHC13  f o l low ed  by a 
p r e p a r a t i v e  TLC w i th  CHCl3 / E t 2 0  ( 3 : 1 ) ,  p rov ided  22 mg of p u re  12. 
Column chromatography of  f r a c t i o n  7 w ith  C H C ^ / f^ C O  m i x tu r e s  of  
i n c r e a s i n g  p o l a r i t y  gave 27 mg o f  pure a r g e n t a t i n  A (13) i n  t h e  e a r l y  
f r a c t i o n s .  The i d e n t i t y  o f  13 was e s t a b l i s h e d  by s p e c t r o s c o p i c  
methods .
3 a - H y d r o a r g e n ta t i n  B ( 1 1 ) ,  C30H50°3S MW = 458,  mp 218-222°C. 
EIMS m / z  ( %  r e l .  i n t . ) :  458 ( 2 . 2 ) ,  440 ( 3 . 5 ) ,  399 ( 1 6 . 8 ) ,  381 ( 3 1 . 3 ) ,  
260 ( 1 3 . 2 ) ,  245 ( 5 . 9 ) ,  241 ( 6 . 0 ) ,  201 ( 1 2 . 7 ) ,  175 ( 3 5 . 2 ) ,  147 ( 2 4 . 9 ) ,  
144 ( 2 9 . 6 ) ,  133 ( 2 9 . 3 ) ,  119 ( 4 5 . 6 ) ,  95 ( 5 6 . 3 ) ,  93 ( 5 1 . 5 ) ,  91 ( 4 2 . 1 ) ,  
85 ( 6 2 . 8 ) ,  59 ( 1 0 0 .0 ) ,  57 ( 2 0 . 5 ) ,  55 ( 4 0 . 0 ) .  NH3  CIMS m / z  (% r e l .  
i n t . ) :  459 ( 6 6 . 7 ) ,  441 (1 0 0 ) ,  423 ( 4 3 . 8 ) ,  399 ( 8 . 9 ) ,  381 ( 7 . 0 ) .
IR vmax (n e a t ) : 3470, 3038, 2973, 2924,  2870,  1460, 1375,  1358,  1337, 
1255,  1163, 1134, 1111, 1055,  1005, 993 cm_ i .
3 e - H y d r o a r g e n ta t i n  B ( 1 2 ) ,  C3 QH5 QO3 , MW = 458,  mp 125-128°C. 
EIMS m / z  ( %  r e l .  i n t . ) :  458 ( 3 . 3 ) ,  399 ( 1 3 . 7 ) ,  381 ( 2 9 . 7 ) ,  260 ( 7 . 6 ) ,  
241 ( 4 . 4 ) ,  201 ( 1 0 . 7 ) ,  187 ( 2 4 . 4 ) ,  175 ( 3 1 . 5 ) ,  161 ( 3 2 . 0 ) ,  147 
( 2 1 . 6 ) ,  145 ( 1 6 . 8 ) ,  133 ( 2 4 . 4 ) ,  119 ( 3 1 . 6 ) ,  95 ( 5 6 . 4 ) ,  93 ( 4 6 . 6 ) ,  91
( 3 9 . 4 ) ,  85 ( 5 7 . 1 ) ,  59 (100 ) ,  57 ( 2 1 . 1 ) ,  55 ( 4 3 . 1 ) .  IR vmax ( n e a t ) :
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3451,  3042,  2938,  2870,  1462, 1383,  1335, 1265, 1227, 1165, 1138, 
1115,  1057,  1009 c n r 2.
A r g e n t a t i n  A (1 3 ) ,  CjqH^qO^, MW = 472,  mp 165-167°C, l i t .  (4)
174-175°C; EIMS m / z  ( % r e l .  i n t . ) :  472 ( 0 . 3 ) ,  454 ( 0 . 7 ) ,  439 ( 1 . 0 ) ,  
413 ( 1 . 1 ) ,  396 ( 2 . 6 ) ,  395 ( 2 . 0 ) ,  353 ( 1 . 5 ) ,  313 ( 0 . 7 ) ,  312 ( 1 . 7 ) ,  287
( 1 . 1 ) ,  271 ( 3 . 8 ) ,  203 ( 2 . 3 ) ,  191 ( 2 . 4 ) ,  173 ( 4 . 2 ) ,  159 ( 4 . 6 ) ,  143
(1 0 0 ) ,  125 ( 2 1 . 9 ) ,  711 ( 2 2 . 2 ) ,  59 ( 2 9 . 9 ) .  NH3  CIMS m / z  ( %  r e l .
i n t . ) :  473 ( 6 8 . 2 ) ,  471 ( 1 5 . 9 ) ,  453 ( 1 3 . 6 ) ,  144 ( 1 2 . 5 ) ,  143 (1 0 0 ) .
IR vmax (n ea t ) :  3391,  2969,  2874,  1707, 1466, 1383, 1177, 1148, 1105, 
1053,  993 cm- 2 .
A r g e n t a t i n  B ( 1 4 ) ,  C3 QH4 g0 4 , MW = 456,  mp 163-167°C, l i t .  (4)
175-176°C; EIMS m / z  ( %  r e l .  i n t ) :  456 ( 5 . 5 ) ,  398 ( 3 4 . 0 ) ,  397 ( 4 8 . 5 ) ,  
396 ( 6 . 4 ) ,  383 ( 1 2 . 2 ) ,  380 ( 1 0 . 2 ) ,  379 ( 1 7 . 3 ) ,  260 ( 1 2 . 4 ) ,  245 
( 1 8 . 0 ) ,  175 ( 3 3 . 6 ) ,  161 ( 1 3 . 6 ) ,  159 ( 1 2 . 7 ) ,  85 ( 5 3 . 2 ) ,  59 ( 1 0 0 . 0 ) .
Guayulin  A (15) J H NMR (400 MHz, CDCI3 ) . H - l ,  6  5 .13 m; H-2a,  
H-2b,  H-3a,  H-3b, 6 1 . 9 - 2 . 3  m; H-5, 6 4 .53  d ;  H-6 , 6 1.59 d d ;  H-7,
6 0 .98  d d ;  H - 8 ,  6 4 . 9 3  d d d ;  H - 9 a ,  6 1 . 8 8  d d ;  H-9e,  6 2 . 8 0  d d ;  3 H - 1 2 ,
6 1 . 0 9  s ;  3 H - 1 3 ,  6 1 . 1 4  s ;  3 H - 1 4 ,  6 1 . 5 6  s ;  3 H - 1 5 ,  6 1 . 6 5  s .  H - 2 0 ,  
H - 2 1 ,  H - 2 2 ,  H - 2 3 ,  H - 2 4 ,  6 7 . 2 - 7 . 6  m.  j (Hz ) :  5 , 6  = 6 , 7  = 1 1 . 7 ;  7 , 8  =
8 , 7  = 1 0 . 8 ;  8 , 9 a  = 9 a , 8  = 1 1 . 3 ;  8 ,9e  = 9 (3 , 8  = 5 . 2 ;  96 ,96  = 9 a , 9e = 
1 2 . 0 ;  1 7 , 1 8  = 1 8 , 1 7  = 1 5 . 8 .
Guayulin  B (17) J H NMR (400 MHz, CDC13 ) :  H - l ,  6  5 .16 d ( b r ) ;
H-2a,  H-2b,  H-3a,  H-3b,  H-9a,  6  1 . 9 - 2 . 3  m; H-5,  6  4 .57 d;  H-6 , 6  1 .62 
dd;  H-7, 6  1 .06  dd; H-8 , 6  5 .0  ddd;  H-96, 6  2 .87 dd;  3H-12,  6  1 .10 s ;  
3H-13, 6  1 .18  s ;  3H-14, 6  1 .58 s ;  3H-15, 6  1 .7 s ;  H-18,  H-22, 6  8 . 0  
d;  H-19,  H-21,  & 6 .94  d; 3H-23,  & 3 .86 s .  j ( Hz ) :  1 ,2 a  = 1 0 .6 ;  5 ,6  =
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1 1 .7 ;  7 ,8  = 8 ,7  = 1 0 .8 ;  8 ,9 a  = 11 .3 ;  8 ,9 b  = 9b , 8  = 5 . 2 ;  9 b ,9a = 12 .0 ;
18,19  = 19,18 = 21 ,22 = 22,21 = 8 . 8
S a p o n i f i c a t i o n  of  g u a y u l in e s  A and B. 1.63 g o f  a m ix tu re  of 
g u a y u l in e s  A and B were r e f l u x e d  f o r  2 .5  h in  1 .6  g of  KOH, 160 ml of
MeOH and 16 ml o f  ^ 0 .  The r e a c t i o n  was quenched w i th  h^O and most
o f  t h e  MeOH was ev ap o ra ted  a t  reduced p r e s s u r e .  The s o l u t i o n  was 
e x t r a c t e d  with  E t 2 0  t h r e e  t i m e s ,  and th e n  with  CH2 CI 2 . The combined 
o r g a n i c  e x t r a c t s  were washed w i th  H2 O, d r i e d  over  anhydrous ^ S O ^ ,  
f i l t e r e d  and ev a p o ra te d  i n  v a c u o .  Column chromatography o f  t h e  
o r g a n i c  e x t r a c t  p rov ided  0 .6 2  g of  pure  d e s a c y l g u a y u l i n  A.
NMR EXPERIMENTS:
c o s y  D1 -  90 -  i  -  45  -  FID
A c q u i s i t i o n  p a r a m e te r s :  (11 and 12) :  NE=512, SI=2K, NS=32, Dl=2s ,
Expt time=15 h r .  (13 ) :  NE=256, SI=1K,
NS=32, Dl=2s,  Expt time= 6  h r .
P ro c e s s in g  p a r a m e te r s :  MC2=M, WDW1=WDW2=S (0 s h i f t ) ,  SYM m a t r i x .
d e p t  i H: D1 -  90 -  D2 -  180 -  D2 -  P0 -  BB 
1 3 Z  90 180 -  FID
A c q u i s i t i o n  p a r a m e te r s :  AQ=.5s, Dl=2s, SI=32K, S2=16H (=1W), D2=4ms,
P0=90°, 135°.
h - c  c o r r e l a t i o n  J H: D0-90- t-90-D3-180-D3-90- t-D3-90  BB 
J 3 C: D1 180 90-D4-FID
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A c q u i s i t i o n  p a r a m e te r s :  NE=256, SI=4K, Dl=2s,  D3=4ms, D4=2ms,DP=16H,
NS=80
P r o c e s s in g  p a r a m e te r s :  MC2=M, WDW2=G, LB2=2, GB2=0, WDW1=S (0 SHIFT). 
n o e d i f f  Dec: DO -  HG -  DO 
J H: D1 -  D2 -  PW -  FID 
A c q u i s i t i o n  p a r a m e te r s :  D l= .2 s ,  D2=2s, SI=32K, VC=4 c y c l e s ,  S3=45L,
NS=32, AQ=1.6s.
P r o c e s s i n g :  S p e c t r a  o b ta in e d  by s u b t r a c t i n g  on r e s o n an ce  FIDs from
c o n t r o l  FID.
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CHAPTER 3




In c o n t i n u a t i o n  o f  th e  s e a rc h  f o r  b i o l o g i c a l l y  a c t i v e  
s e s q u i t e r p e n e  l a c t o n e s ,  I have chem ic a l ly  ana lyzed  B a c c h a r i s  s a i i c i n a  
(A s t e r a c e a e )  from Texas,  U.S.A. Bes ides  t h e  a n t i t u m o r  f l a v o n e  
c e n t a u r e i d i n  (18) ( 1 ) ,  I i s o l a t e d  two new g u a i a n o l i d e s ,  b a c c h a r i o l i d e  
A (19) and b a c c h a r i o l i d e  B (2 0 ) ,  and e l u c i d a t e d  t h e i r  s t r u c t u r e s  by 
s p e c t r o s c o p i c  methods.
3 . 2 .  STRUCTURE DETERMINATION OF GUAIANOLIDES ISOLATED 
FROM BACCHARIS SAL TCINA
Chromatographic  f r a c t i o n a t i o n  o f  a c rude  t e r p e n o i d  e x t r a c t  of  
B a c c h a r i s  s a i i c i n a  y i e l d e d  compounds 18, 19, and 20.  The s t r u c t u r e  
o f  t h e  known f l a v o n e  c e n t a u r e i d i n  18 was de te rm ined  on t h e  b a s i s  o f  
s p e c t r o s c o p i c  d a t a  r e p o r t e d  in  t h e  l i t e r a t u r e  ( 2 ) .  Mass s p e c t r a l  
f r a g m e n t a t i o n  was very  s i m i l a r  t o  t h a t  o f  i t s  isomer j a c e i d i n  ( 3 ) .  
S i n g l e  c r y s t a l  X-ray  a n a l y s i s  f u r t h e r  confi rmed  th e  m o l e c u la r  
s t r u c t u r e  o f  18 (Fig. 3 . 1 ) .
B a c c h a r i o l i d e  A (19) i s  a gum w i th  a m o le c u la r  ion  a t  m / z  376
which t o g e t h e r  w i th  t h e  and 1 3 C NMR d a t a  was in  ag reement w i th  t h e  
m o l e c u la r  fo rm ula  C2 OH2 4 0 7 . A d d i t i o n a l  mass s p e c t r a l  peaks  m / z  276 
[M-(Arfl)]+ , m / z  83 [BJ+ , and m / z  55 [C]+ as  wel l  as  J H NMR r e s o n a n c e s  
a t  6  1 .9 8 ,  2 . 0 4 ,  6 .23  and I 3 C NMR resonances  a t  s 15.9 and 2 0 .5  were 
d i a g n o s t i c  o f  an a n g e l a t e  [ ( z ) - 2 - m e t h y l b u t - 2 - e n o a t e ]  moie ty  (5)  (Fig. 
3 . 5 ) .  The NMR COSY spec t rum of  19 (Fig. 3 . 2 ) showed two s e r i e s  of  
coup led  p r o t o n s :  H-2 to  H-3,  and H-5 t o  H-9,  w ith  H-7 be ing  coupled
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t o  a t h r e e - p r o t o n  m u l t i p l e t  a t  6  6 .23  (H-13a,  H-13b, H - 3 ' ) ,  which 
e x h i b i t e d  h e t e r o n u c l e a r  c o r r e l a t i o n  with  o l e f i n i c  ca rbons  a t  6  122.7 
and 6  141.2 ( F i g .  3 . 3  a n d  T a b l e  3 . 2 ) ,  i n d i c a t i n g  a 8 a-hydrOXy t r a n s -  
a-m e th y le n e  y - l a c to n e  ( 6 ) .  IR a b s o r p t i o n s  a t  v 3460 cm- * (h y d ro x y l ) ,  
v 1769 cm- '*' ( y - l a c to n e )  and v 1717 cm- * ( e s t e r )  as well  as  long - range  
c o u p l i n g s  between th e  C-10 methyl ( 6  1 .81)  and H-2 ( 6  4 .72 )  and H-5 
( 6  3 .3 5 )  p rov ided  by a COSY spec t rum ,  sugges ted  a h ig h ly  s u b s t i t u t e d  
1 2 , 6 - l a c t o n i z e d  g u a i a n o l i d e .  NOE d i f f e r e n c e  s p e c t ro s c o p y  in d i c a t e d  
e f f e c t s  among H-5, H-7,  and H-9; H- 6  and H-8 ; C-10-Me and H-2 as wel l  
as C-4-Me and H-3. These o b s e r v a t i o n s  t o g e t h e r  w ith  c o up l ing  
c o n s t a n t s  ( T a b l e  3 . 1 ) a l lowed  me t o  e s t a b l i s h  th e  s t e r e o c h e m i s t r y  a t  
a l l  c h i r a l  c e n t e r s  and sup p o r ted  t h e  s t e r e o s t r u c t u r e  r e p r e s e n t e d  by
19. All and 13c NMR resonance  ass ignm en ts  were based  on DEPT and 
2D homo- and h e t e r o n u c l e a r  c o r r e l a t i o n  s p e c t ro s c o p y  ( 7 , 8 ) .
B a c c h a r io l id e  B ( 2 0 ) ,  i s  a gum, whose mass spec trum inc luded  a 
m o l e c u la r  ion  m / z 360. A d d i t i o n a l  mass s p e c t r a l  peaks a t  m / z 83 [B]+ 
and m / z  55 [C]+ and J H NMR re s o n a n c e s  a t  6  1 .9 7 ,  2 .02  and 6.22 
i n d i c a t e d  an a n g e l a t e  m o ie ty .  The 400 MHz J H NMR spec trum was 
s i m i l a r  t o  t h a t  of  19 , but t h e  s i g n a l  a t  6  4 .72  (H-2) in  19 was 
m i s s in g  in  l a c to n e  2 0 ; t h i s  r e s u l t  s u g g e s t s  t h e  absence  of  a hydroxyl  
group a t  C-2 in  20. I n s t e a d ,  a l a r g e  geminal c o up l ing  c o n s t a n t  
(1 7 .7  Hz) f o r  H-2a and H-2e was found .  The i H NMR spec t rum was 
a s s ig n e d  by comparison w i th  t h e  s p e c t r a l  d a t a  of  19 and on the  b a s i s  
o f  d e c o u p l in g  exper im en ts .  This  led t o  t h e  same s t e r e o c h e m i s t r y  a t  
a l l  c h i r a l  c e n t e r s  o f  l a c t o n e  20 as in compound 19.
TABLE 3 . 1 .  1H NMR S p e c t r a l  D a t a a ' b  o f  
G u a i a n o l i d e s  1 9  a n d  2 0 .
H 1 9 20
2a ------ 2 . 4 8 d
28 4 .  72 s  ( b r ) 2 .  75 d  ( b r )
3 3 . 5 6 s  ( b r ) 3 . 4 0 s  ( b r )
5 3 . 3 5 d  ( b r ) 3 . 1 8 d  ( b r )
6 3 . 5 8 d d 3 . 6 2 d d
7 3 . 0 8 dd d 3 . 0 3 dd d
8 3 . 8 1 dd 3 . 7 8 dd d
9 5 . 3 5 d 5 . 4 0 d
13 a 6 . 2 3 6 . 2 2
13 b 6 . 2 3 6 . 2 2
14 1 . 8 1 s  ( b r ) 1 . 6 0 s  ( b r )
15 1 . 6 7 s 1 . 7 0 s
3 ’ 6 . 2 3 6 . 2 2
4 ' 1 . 9 8 dg 1 . 9 7 d g
5 ' 2 . 0 4 dg 2 . 0 2 dg
8 OH 2 . 5 6 d  ( b r ) 2 . 4 1 d
2 OH 2 .  20 s  ( b r ) ------
a 4 0 0  MHz, C D C l j  ( 2 9 8 ° K ) ,  TMS a s  i n t e r n a l  s t a n d a r d . 
b J  (H z )  : 1 9 :  5 , 6 = 6 , 5 = 1 0 . 8 ;  8 , OH = 3 . 4 ;  6 ,  7=7, 6= 
1 0 . 5 ;  7 , 8 = 8 , 7 = 1 0 . 0 : 8 , 9 = 9 , 8 = 9 . 7 ;  5 ‘ , 3  ' = 7 . 2 ;
4 ’ , 5 ’=5 ' , 4 ’= 1 . 5 ;  4 ' , 3 > = 1 .  5;  7 , 1 3 = 3 . 0 .
2 0 : 5,6 = 6,5 = 1 0 . 7 ;  6 , 7  = 7 , 6  = 1 0 . 5 ;
7 , 8  = 8 , 7  = 1 0 . 2 ;  8 ,  OH = 3 . 4 ;  8 , 9  = 9 , 8  =
9 . 8 ;  4 ' , 3 '  = 1 . 4 ;  4 ' , 5 '  = 5 ‘ , 4 '  = 1 . 5 ;
5 ' , 3 '  = 7 . 3 .  2 a , 28  = 2 8 , 2 a  = 1 7 . 7 .
FIGURE 3 . 2 .  1H NMR COSY Spec trum o f






FIGURE 3 . 1 .  M o lecu la r  S t r u c t u r e  o f  C e n t a u r e i d i n  ( 18) ,
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TABLE 3.2. 13C NHR Spectral Data
of Centaureidin (18) and 
Bacchariolide A (19).
c 18a C igb
1 ----- 1 136.9 sc
2 157.4 s 2 72.6 s
3 137.6 s 3 66.0 d
4 178.2 s 4 65.5 s
5 152.3 s 5 51.1 d
6 131.1 s 6 77.5 d
7 155.3 s 7 55.9 d
8 93. 9 d 8 69.3 d
9 151.5 s 9 76.7 d
10 104.6 s 10 136.3 sc
11 59. 9 g 11 138.0 sc
12 59. 7 g 12 168.6 s
13 55.6 g 13 122.7 t
1 ’ 122.3 s 14 14.7 q
2 ' 114.9 d 15 18.8 q
3 ' 146.3 s 1 ’ 166.6 s
4 • 150.2 s 2 ‘ 126.5 s
5 ' 111.9 d 3 1 141.2 d
6 ’ 120.3 d 4 • 20.5 q
5 ' 15.9 q
aDMS0-d6 (298eK). 100.61 MHz
Established by comparison with 
pectolinarigenin and quercetin 
3,4 ‘-dimethylether (4). 
bCDCl3 .
°Interchangeable.






FIGURE 3.5. S tr u c tu r e  o f  Bacchariolides A






1 9 :  R = OH
2 0 : r = h
A B C





B a c c h a r i s  s a i i c i n a  was c o l l e c t e d  on A pr i l  18,  1982 along 
highway 357, 0 .2  m i le  west  o f  t h e  i n t e r s e c t i o n  w i th  highway 286 near  
Corpus C h r i s t i ,  Texas (Malcolm-Vargas;  voucher d e p o s i t e d  a t  t h e  
he rbar ium of L ou is iana  S t a t e  U n i v e r s i t y ) .  The a i r - d r i e d  p l a n t  
m a t e r i a l  (670 g) was e x t r a c t e d  and worked up as d e s c r i b e d  b e f o r e  (9)  
to  p ro v id e  3 .6  g of  t h e  c rude  t e r p e n o i d  e x t r a c t .  Column 
chromatography  o f  t h i s  syrup on s i l i c a  g e l ,  f i r s t  w i th  CH2 CI2 , t h e n  
w i th  a g r a d i e n t  C f ^ C ^ I ^ C O ,  and f i n a l l y  w i th  Me2 C0  p ro v id ed  2 0  
f r a c t i o n s  of  300 ml each .  F r a c t i o n  2 y i e l d e d  c e n t a u r e i d i n  (1)  (25 
mg). P u r i f i c a t i o n  of  f r a c t i o n  12 by TLC on s i l i c a  ge l  w i th  C f ^ C ^  
a f f o r d e d  20 (2 mg). P r e p a r a t i v e  TLC o f  f r a c t i o n  14 over  s i l i c a  gel  
w i th  CH2 Cl 2 :Me2 C0  ( 1 :6 )  y i e l d e d  19 (12 mg).
C e n t a u r e id i n  ( 1 8 ) ,  C^gHjgOg, EIMS m / z  { % r e l  i n t ) :  360 [M]+
( 3 0 . 5 ) ,  345 [M-CH3 ]+ ( 1 8 . 2 ) ,  342 [M-H2 0 l + ( 7 . 2 ) ,  327 {M-CH3 -H2 0 ] +
( 6 . 4 ) ,  317 [M-CH3 C0]+ ( 2 7 . 8 ) ,  302 [M-CH3 C0-CH3 ]+ ( 7 . 9 ) ,  299 {M-CH3 C0- 
H2 0 ] + ( 2 2 . 1 ) ,  274 [M-CH3 C0-CH3 -C0]+ ( 9 . 7 ) ,  259 ( 8 . 5 ) ,  246 (M-CH3 C0- 
CH3 -2C0]+ ( 7 . 2 ) ,  151 ( 3 3 . 6 ) ,  135 ( 3 5 . 4 ) ,  123 ( 3 1 . 4 ) ,  1 0 8 ( 2 3 .7 ) ,  95 
( 2 2 . 2 ) ,  77 (2 5 .6 )  69 ( 1 0 0 . 0 ) .  400 MHz J H NMR; (CD3 ) 2 C0: H-8 , 6  6 .56
d;  H-2,  6  7 .65 d ;  H-5, 6  7 .12  d; H-6 , 6  7 .68 dd; 2 OMe: 6  3 .89 s 
(3H),  6  3 .94 (3H). 100 MHz 1 3 C NMR s p e c t r a l  d a t a  a r e  p r e s e n t e d  in
T a b l e  3 . 2  and F i g .  3 . 4 .
B a c c h a r i o l i d e  A (1 9 ) .  C20H2 4 ° 7 ’ HRMS probe)  70 ev ,  m / z
{ % r e l  i n t ) :  376.1613 |M]+ ( 0 . 9 ) ,  ( c a l c ,  f o r  C2 0 H2 4 0 7 : 3 7 6 .1622) ,
54
277.1695 |M-A]+ ( 5 1 . 8 ) ,  259.1582 [M-A-H2 0 ] + ( 1 7 . 0 ) .  EIMS m / z  
( %  r e l  i n t ) :  376 [M] + ( 0 . 1 ) ,  276 [M-(A+1)]+ ( 1 . 4 ) ,  258 (M-(A+1)- 
H2 0 ] + , 83 [B]+ (1 0 0 ) ,  55 |C ] + ( 6 5 . 4 ) .  IR vmax ( n e a t ) :  3460 
( h y d r o x y l ) ,  1769 ( y - l a c t o n e ) ,  1717 ( e s t e r )  cm"*.
Bacchariolide B (2 0 ) .  C ^ H ^ O g  EIMS m / z  (% rel  i n t ) :  360 
|M]+ ( 0 . 2 ) ,  242 [M-(A+1)-H2 0 j + ( 0 . 1 ) ,  214 [242-CO] ( 0 . 7 ) ,  83 [B]+ 
(1 0 0 ) ,  55 [C]+ ( 4 4 . 7 ) .  IR vmax (neat):  3418 (hydroxyl),  1769
(Y - lactone) ,  1717 (e s ter )  cm_ i .
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BIOMIMETIC TRANSFORMATIONS OF 11,13-DIHYDROPARTHENOLIDE
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4 .1 . INTRODUCTION
The lack  of  b i o s y n t h e t i c  d a t a  o f  s e s q u i t e r p e n e  l a c t o n e s  
r e q u i r e s  t h a t  t h e i r  b i o g e n e t i c  h y p o th e s i s  be based on chemical  and 
m e c h a n i s t i c  c o n s i d e r a t i o n s  o f  t h e  presumed b i o s y n t h e t i c  p r e c u r s o r s .
A number o f  i n  v i t r o  t r a n s f o r m a t i o n s  have p rovided  i n d i r e c t  ev idence  
f o r  p o s s i b l e  b i o s y n t h e t i c  pathways by chemical c o r r e l a t i o n  o f  
d i f f e r e n t  ty p e s  of  s e s q u i t e r p e n e  l a c to n e s  (1-10) ( S c h e m e  4 . 1 ) .
B io g e n e t i c  h y p o th e s i s  p roposes  t h a t  g e rm a c ro l id e s  and t h e i r  
ep ox ide  d e r i v a t i v e s  r e p r e s e n t  t h e  p r e c u r s o r s  f o r  o t h e r  s k e l e t a l  ty p e s  
o f  s e s q u i t e r p e n e  l a c t o n e s  (10 -1 3 ) .  For i n s t a n c e ,  Lewis ac id  
c a t a l y z e d  r e a c t i o n s  of g e r m a c r a - l ( l O ) , 4 ( 5 ) - d i e n o l i d e s  as well  as 
t h e i r  1 ( 1 0 ) - e p o x id e  d e r i v a t i v e s  g ive  t r a n s - d e c a l  i n - t y p e  
eudesmanolides  (1 4 -1 8 ) .  m  v i t r o  c y c l i z a t i o n s  o f  g e rm a c ro l id e  
4 -e p o x id e s  i n t o  g u a i a n o l i d e s  (1 9 -2 1 ) ,  x a n th a n o l id e s  (22 ,23)  and 
p s e u d o g u a ia n o l id e s  (24) s t r o n g l y  s u g g e s t  t h e  involvement o f  
c y c l o d e c a - l , 5 - d i e n e  d e r i v a t i v e s  in  t h e  b i o s y n t h e s i s  of  o t h e r  s k e l e t a l  
t y p e s  of  s e s q u i t e r p e n e  l a c t o n e s .  This involvement  i s  ana logous  to  
t h e  n o n - l a c t o n i c  s e s q u i t e r p e n e  b i o s y n t h e t i c  h y p o t h e s i s ,  which i s  
based  on r e l a t i o n s h i p s  d e r iv e d  from t h e i r  b iomimetic t r a n s f o r m a t i o n s  
( 2 5 -3 1 ) .
Th i s  work r e p r e s e n t s  an a t t e m p t  t o  c o r r e l a t e  d i f f e r e n t  
s t r u c t u r a l  ty p e s  o f  s e s q u i t e r p e n e  l a c to n e s  from a g e rm a c ro l id e  4 ( 5 ) -  
epox ide  p r e c u r s o r ,  1 1 , 1 3 -d i h y d r o p a r th e n o l id e  (2 1 ) ,  t o  p ro v id e  
i n d i r e c t  ev id en ce  f o r  th e  i n  v i v o  t r a n s f o r m a t i o n s  of  t h i s  major  group
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SCHEME 4 . 1 .  T y p e s  a n d  B i o g e n e t i c  R e l a t i o n s h i p s  o f  G e r m a c r a n o l i d e -  
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of  n a t u r a l  p r o d u c t s .  1 1 , 1 3 -D ih y d ro p a r th e n o l id e  (21) was i s o l a t e d  
from a L ou i s i a n a  ragweed,  A m b r o s i a  a r t e m i s i i f o i i a , i n  abou t  0.15% 
y i e l d  ( 1 ) .
The i n  v i t r o  r e a c t i o n s  of  l a c to n e  21 l e a d in g  t o  i t s  b iom imet ic  
d e r i v a t i v e s  invo lved  th e  fo l l o w in g  t r a n s f o r m a t i o n s :
(1)  BF3 -media ted  rea r range m en t  of  a g e rm a c ro l id e  4 ( 5 ) -e p o x id e  t o  
produce a x a n t h a n o l id e  ( 2 2 ) and t h r e e  c i s - g u a i a n o l i d e s  (23-  
2 5 ) .
(2) me ta -Ch lo rope roxybenzo ic  ac id  (MCPBA) media ted  o x i d a t i o n  of  
a g u a i a n o l i d e  l ( 1 0 ) - e n e  (25) to  produce a x a n t h a n o l i d e  ( 3 0 ) ,  
a t r a n s - e p o x y g u a i a n o l i d e  ( 2 6 ) ,  two c i s - e p o x y g u a i a n o l i d e s  
(28 ,29 )  and a c y c l o b u t a n e - t y p e  s e s q u i t e r p e n e  l a c t o n e  ( 2 7 ) .
(3)  BF3- c a t a l y z e d  rea r ran g e m en t  o f  a g u a i a n o l i d e  1(10) epox ide  
t o  g ive  a c i s - e u d e s m a n o l id e  ( 3 1 ) ,  t r a n s - g u a i a n o l i d e  (32) and 
two c i s - g u a i a n o l i d e s  (33 and 34) .
F i r s t ,  t h e  r e s u l t s  and proposed mechanisms of  t h e s e  r e a c t i o n  
s eq u en ce s ,  g ive n  in  s c h e m e  4 . 2  -  4 . 4 , w i l l  be summarized in  S e c t i o n  
4 . 2 - 4 . 4 .  Then,  t h e  d e t a i l e d  s t r u c t u r e  e l u c i d a t i o n  o f  t h e  
t r a n s f o r m a t i o n  p r o d u c t s  of  l a c t o n e  21 w i l l  be d i s c u s s e d  in  S e c t i o n
4 . 5 .
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4 . 2 .  BF3 -CATALYZED REARRANGEMENT OF 11,13-DIHYDROPARTHENOLIDE (21)
Scheme 4 .2  o u t l i n e s  t h e  E ^ - i n i t i a t e d  c a r b o c a t i o n i c  
t r a n s a n n u l a r  c y c l i z a t i o n  o f  1 1 , 1 3 - d i h y d r o p a r t h e n o l i d e  and summarizes 
t h e  sequences  of  s t e p s  l e a d in g  t o  t h e  i s o l a t e d  r e a c t i o n  p r o d u c t s  2 2  -
25.  From i t s  c h a i r - l i k e  t r a n s i t i o n  s t a t e  con fo rm a t ion  (2 1 ) ,  t h e  c i s -  
fu sed  g u a i a n o l i d e  c a t i o n  A i s  g e n e ra te d  and by l o s s  of  a p r o t o n  from 
e i t h e r  C-14 o r  C-l forms t h e  g u a i a n o l i d e s  24 and 25,  r e s p e c t i v e l y .  
A l t e r n a t i v e l y ,  s h i f t  o f  C-lc* hydrogen to  th e  c a t i o n i c  c e n t e r  C-10 in 
A cou ld  i n i t i a t e  a f r a g m e n t a t i o n  o f  th e  C-4-C-5 bond t o  form th e  
x a n t h a n o l i d e  22.  From i n t e r m e d i a t e  A, H-l t o  C-10 h y d r id e  s h i f t  
fo l low ed  by a C-5a t o  C-l  h y d r id e  s h i f t  could  lead  t o  a 4 ( 5 ) -ep o x id e  
i n t e r m e d i a t e  B, which can undergo a c o n ju g a te  Lewis base promoted 
e l i m i n a t i v e  opening of  t h e  h i g h l y  s t r a i n e d  epoxide  t o  g iv e  t h e  c i s -  
g u a i a n o l i d e  23.
4 . 3 .  MCPBA OXIDATION OF DIHYDROMICHELLIOLIDE (25)
Scheme 4 .3  o u t l i n e s  t h e  pe rox y ac id -m ed ia ted  r e a c t i o n s  o f  t h e  
g u a i a n o l i d e  25,  which was t h e  major  r e a c t i o n  p ro d u c t  o f  t h e  BF3- 
c a t a l y z e d  rea r range m en t  of  21 ( s c h e m e  4 . 2 ) .  E p o x id a t io n  o f  
d i h y d r o m i c h e l l i o l i d e  (25) p roceeded smoothly from th e  l e s s  h in d e re d  
s i d e ,  and a f fo rd e d  th e  major  p r o d u c t ,  t h e  g u a i a n o l i d e  l ( 1 0 ) - 6 - e p o x id e  
26 and th e  minor r e a c t i o n  p ro d u c t s  27-30 .  Format ion o f  29 cou ld  
proceed  under  a c i d i c  r e a c t i o n  c o n d i t i o n s  v i a  e q u i l i b r a t i o n  o f





















H-1 to  C-tO Shift 
H-5 to C-l Shift










H -l to  C -10 Shift Me








SCHEME 4 . 3 .  HCPBA O x i d a t io n  o f  D i h y d r o m i c h e l l i o l i d e  ( 2 5 ) .
C leavage of 
C - l - 0  bond 





s t a r t i n g  m a t e r i a l  25 w ith  i t s  exo-double  bond isomer 24 fo l lowed  by 
e p o x i d a t i o n  from th e  l e s s  h indered  a - s i d e  of  t h e  10 ,14 -d o u b le  bond.  
P r o t o n a t i o n  of  t h e  C-4 hydroxyl  group in  29 and lo s s  o f  f^O could  
i n i t i a t e  r ea r rangem en t  o f  the  C- l -C-5  bond t o  form a C - l -C -4  bond 
which upon n u c l e o p h i l i c  a t t a c k  of  1^0 a t  t h e  c a t i o n i c  c e n t e r  o f  C-5 
would g iv e  l a c to n e  27.
Formation o f  th e  x a n th a n o l id e  30 could in v o lv e  e i t h e r  
g u a i a n o l i d e  l ( 1 0 ) - e p o x i d e s  26 or  28. Cleavage o f  C- l-oxygen  bond in  
26 o r  28 could  i n i t i a t e  f r a g m e n ta t i o n  of  C-4-C-5-bond to  form a 
x a n t h a n o l id e  i n t e r m e d i a t e  C. E pox ida t ion  of  t h e  C- l -C-5  doub le  bond 
fo l low ed  by a c id -m ed ia ted  epoxide rea r range m en t  under  enol f o rm a t io n  
would lead  t o  enol D. Subsequent  a c id -m e d ia te d  e l i m i n a t i o n  of  t h e  
C-10-hydroxyl  group would g e n e r a t e  t h e  a , e - u n s a t u r a t e d  k e tone  group 
t o  compound 30.
4 . 4 .  BF3-CATALYZED REARRANGEMENT 
OF GUAIANOLIDE l(10 )-e -E P 0X ID E  26
Scheme 4 .4  o u t l i n e s  t h e  t r a n s f o r m a t i o n  of  26 i n t o  compounds 
31-34 . I n i t i a l  f ^ - c o m p l e x a t i o n  would le a d  to  o x y c a t io n  E which 
cou ld  be a t t a c k e d  by e i t h e r  F~ o r  H2 O from th e  r e a c t i o n  m ix tu re  to  
form c i s - g u a i a n o l i d e s  33 (1)  o r  34, r e s p e c t i v e l y .  A l t e r n a t i v e l y ,  
a b s t r a c t i o n  of  a p ro to n  from th e  C-10 methyl by t h e  c o n j u g a t e  base  
would lead  t o  t h e  l e - h y d r o x y - t r a n s - g u a i a n o l i d e  32.
SCHEME 4 . 4 .  BFj C a t a l y z e d  Rearrangement  o f  G u a ia n o l id e  1( 10)  B
Epox ide  26.
C-l 0 - 0  bond 
cleavage 
\ s J n v e r s io n  at 
C-10 (♦>
C -5 migration 
to  C-10
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The fo rm a t io n  o f  a c i s - e u d e s m a n o l i d e  31 could  be e x p l a i n e d  by 
c l eav ag e  o f  th e  C-10-oxygen bond t o  form c a r b o c a t i o n  F which 
undergoes  c o n f o r m a t io n a l ly - in d u c e d  i n v e r s i o n  o f  c o n f i g u r a t i o n  a t  
C-10,  w ith  m i g r a t i o n  o f  C-5 to  C-10 and fo rm a t io n  of  a k e to n e  moie ty  
a t  C- l  ( 1 ) .
4 . 5 .  NMR SPECTRAL STUDIES OF 11,13-DIHYDROPARTHENOLIDE AND THE 
STRUCTURE ELUCIDATION OF ITS TRANSFORMATION PRODUCTS (2 2 -3 4 )
The s t r u c t u r e  o f  1 1 , 1 3 - d i h y d r o p a r t h e n o l i d e  (21) was f i r s t  
e s t a b l i s h e d  by lo w f i e l d  NMR d a t a  and d e g r a d a t i o n  e x p e r im e n t s  ( 1 9 ) .  
The p r e s e n t  s tudy  r e p r e s e n t s  h i g h f i e l d  NMR s p e c t r a l  s t u d i e s  of  
compound 2 1 .
I n d i c a t i o n  of a g e r m a c r o l i d e - ty p e  m o le c u la r  framework o f  21 
was p rov ided  by 2D ^ C ^ C  s h i f t  c o r r e l a t i o n  spect rum (32 ,3 3 )  ( F i g .
4 . l ) .  Although p r e l i m i n a r y  J H NMR re sonance  a s s ignm e n ts  were 
o b t a in e d  from 2D i H 1 3 C c o r r e l a t i o n  spec trum (Fig. 4 . 4 ) ,  com ple te  
*H NMR resonance  a s s ignm en ts  were based on d e t a i l e d  a n a l y s i s  o f  
c o u p l in g  c o n s t a n t s  as  well  a s  on d a t a  p rov ided  by NOEDIFF 
s p e c t r o s c o p i c  exper im en ts  (3 3 -3 6 ) .  In t h e  i n d i c a t e d  s o l u t e  
con fo rm a t ion  o f  2 1 , t h e  two methyl g roups  a r e  e - o r i e n t e d  and t h e  
l ( 1 0 ) - d o u b l e  bond and th e  4 ( 5 ) - e p o x id e  a r e  t r a n s  and c r o s s e d ,  as  in  
t h e  con fo rm a t ion  o f  p a r t h e n o l i d e ,  which was e s t a b l i s h e d  by X-ray 
a n a l y s i s  ( 3 7 ) .
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X an thano l ide  22 had s t r o n g  IR a b s o r p t i o n  bands a t  v 1715 
(ke tone )  and v 1779 ( y - l a c t o n e )  cm~*. The CIMS e x h i b i t e d  a base  peak 
a t  m/z  251 [M+H]+ and th e  EIMS showed peaks a t  m/z 232  [M-H2 0 ] + , 
m/z 208  [M-C2 H2 0 ] + and m/z 192 [M -  C3 HgO]+ ; th e  l a t t e r  two mass 
s p e c t r a l  f ragm e n ts  t o g e t h e r  w ith  a J H NMR methyl s i n g l e t  a t  6  2 . 2  and 
a 13C NMR s ig n a l  a t  6  29.9  suppor ted  a methyl  ke tone  moie ty  ( 2 3 ) .
The 2D homonuclear  c o r r e l a t i o n  J H NMR spect rum o f  22 showed a 
r e l a t i v e l y  d e s h i e l d e d  l a c t o n i c  p ro to n  H- 6  a t  s 4 .8  ppm (Fig. 4 . 2 )  
w i th  a very  small  coup l ing  t o  an o l e f i n i c  p ro to n  H-5 a t  6  5 .6  
s ( b r ) .  The sequence o f  coupled  p ro to n s  was d i s r u p t e d  a t  t h e  a l l y l i c  
p ro to n  H-10; t h e  l a t t e r  i s  a - o r i e n t e d  and geminal  to  a methyl  d o u b l e t  
t h a t  p r e s e n t e d  p o s i t i v e  NOE with  t h e  a l l y l i c  l a c t o n i c  p ro to n  H-6 .
Th is  d a t a  i n d i c a t e d  a major  conformer t h a t  p l a c e s  t h e  l a c t o n i c  p r o t o n  
H- 6  a lmos t  p e r p e n d i c u l a r  t o  H-5 and in  c l o s e  p r o x im i ty  t o  C-10-Me.
P r e l i m i n a r y  d e t e r m i n a t i o n  o f  t h e  s t r u c t u r e s  o f  g u a i a n o l i d e s  24 
and 25 was e s t a b l i s h e d  by compar ison of  t h e i r  s p e c t r o s c o p i c  d a t a  w i th  
t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e  ( 4 , 1 7 ) .  F u r the rm ore ,  i r r a d i a t i o n  o f  
t h e  C-4-Me s i g n a l s  r e s u l t e d  in  p o s i t i v e  NOEs a t  t h e  l a c t o n i c  p r o t o n  
a t  C- 6 , and th e  absence  of NOE e f f e c t s  a t  H-5 i n d i c a t e d  t h e  r e l a t i v e  
c o n f i g u r a t i o n  of  C-4-eMe, C-5-aH, and C-6 -eH f o r  24 and 25.  A 
p o s i t i v e  NOE between H-l and H-5 i n d i c a t e d  a c i s - g u a i a n o l i d e - t y p e  
s e s q u i t e r p e n e  l a c t o n e  24 (Fig. 4.3).
I n s p e c t i o n  of  J H NMR spect rum o f  g u a i a n o l i d e  23 i n d i c a t e d  a 
C-5 s u b s t i t u t e d  p o s i t i o n  (H- 6  d o u b le t  a t  6  3 .88)  and th e  absence  o f  a
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methyl geminal  t o  hydroxyl  as  in 24 and 25. I n s t e a d ,  s i g n a l s  f o r  two 
e x o c y c l i c  o l e f i n i c  p ro to n s  a t  6  5 .0  and 6  5 .08 as well  as  f o r  two 
ox ygen -bea r ing  ca rbons  a t  1 3 C NMR 6  78 .8 and 6  8 6 .5  su g g e s te d  a 
4 - m e t h y l e n e - 5 a - h y d r o x y - c i s - g u a i a n o l i d e .
G ua iano l ide  1 ( lO ) - e p o x id e s  26 and 28 e x h i b i t e d  s i m i l a r  MS 
f r a g m e n ta t i o n s  a t  m/ z  266 [M]+ , m/ z  233 [M-H2 O-CH3 ]+ , m/ z  223 
[M-CH3 C0]+ , m/ z  208 [M-C3 H6 0 ] + , and m/ z  99 |C6 Hg0 ] + ( 1 ) .  The 3 ti NMR 
COSY s p e c t r a  o f  26 and 28 e s t a b l i s h e d  c o n n e c t i v i t i e s  between two 
s e r i e s  o f  p r o to n s :  H-2, H-3, and H-5 t o  H-9; and H-7 t o  H - l l  and th e  
l a t t e r  t o  a methyl d o u b le t  ( C - l l -M e ) .  J H 1 3 C c o r r e l a t e d  NMR s p e c t r a  
of  26 and 28 showed th e  c o n n e c t i v i t i e s  between ca rbons  and d i r e c t l y  
a t t a c h e d  p r o t o n s .  F u r t h e r  ev idence  f o r  th e  a s s i g n a t i o n  of  J J C NMR 
re s o n an ces  o f  26 was o b t a in e d  from a 2D h e t e r o n u c l e a r  r e l a y e d  
c o r r e l a t i o n  exper iment (38) ( Fi g .  4 . 5 ) .
Although J H NMR chemical  s h i f t s  f o r  H-5,  H-6 , H-8 b f o r  26 and 
28 were s i m i l a r ,  and NOEs of t h e  l a c t o n i c  p ro to n  H- 6  were no t  
expec ted  upon i r r a d i a t i o n  of  t h e  C-10-Me e i t h e r  in  26 o r  28, t h e  
s t e r e o c h e m i s t r y  of  t h e  two epox ides  were d i s t i n g u i s h e d  by t h e  
fo l l o w in g  ev id en ce :  (a )  A c l e a r  NOE on H- 6  upon i r r a d i a t i o n  o f  H-8 b
in  26; (b) a p o s i t i v e  NOE on H-9b and H-2a upon i r r a d i a t i o n  o f  10-Me
in 26; (c)  s i g n i f i c a n t  chemical  s h i f t  d i f f e r e n c e  f o r  H-7 (A6 = 0 .45
ppm) w i th  a s t r o n g  d e s h i e l d i n g  e f f e c t  of  t h e  epox ide  group upon H-7a 
in  28 ( Fi g .  4 . 7 ) ,  t h u s  s u g g e s t in g  t h a t  epoxide  28 i s  t h e  a - e p o x i d e .
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The CIMS of 27 e x h i b i t e d  a base peak a t  m/z  267 [M+H]+ and 
s t ro n g  IR a b s o r p t i o n  a t  v 3459 cm"* (h y d ro x y l ) .  The COSY spectrum of  
27 i n d i c a t e d  t h e  p re s e n c e  of  C-4 and C-10 as q u a t e r n a r y  ca rbons  one 
of  which had a 1 3 0  NMR resonance  a t  6  57.4 t h a t  i n d i c a t e d  an 
oxygenated  ca rbon .  The o t h e r  q u a t e r n a r y  carbon with  s i g n a l  a t  6  43 .0  
was p a r t  o f  a cy c lo b u tan e  r i n g ;  t h i s  co n c lu s io n  was e s t a b l i s h e d  by 
compar ison o f  1 3 C NMR resonances  (o b ta in e d  by h e t e r o n u c l e a r  
c o r r e l a t i o n  with  t h e  s m a l l e s t  s e r i e s  of  coupled p ro to n s  p rov ided  by 
COSY) with  th o s e  o f  a s i m i l a r  four-membered r in g  l a c to n e  ( 2 2 ) .  In 
a d d i t i o n  t o  t h e  long - range  coup l ing  between th e  p ro ton  ( H-14 a t  
6  2 .61)  on th e  oxygenated  methylene ( 1 3 C NMR o f  C-14,  6  51 .4)  and 
H-9e,  NOEs between H-8 e and H-6 ; H-15 and H-14a,  H-6 , as  wel l  as  NOE
between H-l  and a p ro ton  a t  an oxygenated carbon (C-5,  5  8 5 . 5 ) ,
a l lowed  ass ignment of  t h e  s t e r e o c h e m i s t r y  of  27: A hydroxyl moie ty
a t  C-5 was e - o r i e n t e d ,  and the  cyc lobu tane  r i n g  was t r a n s - f u s e d  with  
t h e  8 -member r i n g  ( F i g .  4 . 6 ) .  Formation of  fo u r  membered r i n g  o f  27 
cou ld  be due t o  th e  r ea r rangem en t  of  C-l-C-5  bond of  29 to  form a 
C- l -C -4  bond. This  rea r rangem ent  might  be induced by c a r b o c a t i o n  
fo rm a t io n  a t  C-5 under a c i d i c  c o n d i t i o n s  as shown in s c h e m e  4 . 3 .
The IR spectrum o f  c i s - g u a i a n o l i d e  29 showed a b s o r p t i o n s  f o r  
hydroxyl  a t  v 3509 cm- *, and a l a c to n e  f u n c t i o n  a t  v 1773 cm"^. EIMS
peaks a t  m/z  251 [M-CH^]^ m/z  248 [M-HpO]*, m/z 233
[M-CH3 -H2 OI+ and m/z 208 iM-C^HgO]* in d i c a t e d  f r a g m e n ta t i o n  s i m i l a r  
to  t h a t  observed  f o r  i t s  u n s a t u r a t e d  g u a i a n o l id e  p r e c u r s o r ,  
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100 MHz 13C 13C NMR Shift Correlation spectrum (2D-
INADEQUATE) OF 11,13-dihydroparthenolide (21). Two 
directly bonded carbons appear equally spaced on both 
sides of the line fj = ~2f2 (28). All carbon-carbon 
connectivities of the molecular framework of 21 were 
established (27).
cc
5M CDClj solution of 21 was used. 
«* 72, recycle delay 2S, experiment time: 20 h.
FIGURE 4 . 2 .  NMR COSY Spectrum  o f  X a n th a n o l id e  22. FIGURE 4 . 3 .  NMR COSY Spec trum  o f  G u a ia n o l id e
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FIGURE 4 . 5 .  NMR Re l a y  Coherence T r a n s fe r  (RCT) Spec trum
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2D RCT spectrum can be visualized as Correlation  spectrum  not
o n ly  w ith  directly bound protons (solid lines) hut also with protons 


























H e te ro n u c le a r  c o r r e l a t i o n  o f  p ro to n s  a t  6  2 .55  and 2 .78  w i th  a 
1 3 C NMR resonance  a t  6  47 .9  and comparison o f  1 3 C NMR re s o n a n c e s  of  
oxygena ted  q u a t e r n a r y  carbon  C-10 (s 58 .0)  w i th  C-10 o f  27 ( 6  57 .4 )  
i n d i c a t e d  th e  p resence  o f  a C-10(14) e x o c y c l i c  epoxide  f u n c t i o n .  
Comparison o f  1 3 C NMR re sonances  o f  oxygenated  q u a t e r n a r y  ca rbon  C-4 
( 6  79 .6 )  w i th  analogous  ca rbons  of  24 ( 6  7 9 . 8 ) ,  25 ( 5  8 0 . 2 ) ,  26 
( 6  7 9 . 6 ) ,  32 ( 6  8 0 . 3 ) ,  33 (& 8 0 . 1 ) ,  34 ( 6  80 .2 )  i n d i c a t e d  a methyl 
group  geminal  to  hydroxyl  a t  C-4.  P o s i t i v e  NOEs between H-l  and 
H-5,  C-4-Me and H-14a,  H- 6  a l lowed th e  d e t e r m i n a t i o n  o f  t h e  r e l a t i v e  
c o n f i g u r a t i o n  of  t h e  c h i r a l  c e n t e r s  a t  ca rbons  1 , 4 , 5 , 6 , and 10. The 
COSY spec trum i n d i c a t e d  d i s r u p t i o n  o f  a long sequence of  coupled  
p r o t o n s  a t  q u a t e r n a r y  ca rbons  C-4 and C-10 ( F i g .  4 . 8 ) .
The CIMS of x a n t h a n o l i d e  30 c l e a r l y  e x h i b i t e d  a base  peak a t  
m / z  265 |M+H]+ , and th e  EIMS showed major  peaks a t  m / z 221 1M-CH^CO]+ 
and m / z  206 [M-C3 Hg0 | + . The l a t t e r  two f ragm en ts  t o g e t h e r  w i th  IR 
a b s o r p t i o n  a t  v 1715 cm- -*-, a t h r e e - p r o t o n  J H NMR s i g n a l  a t  6  2 .1 2  as 
well  as  a 1 3 C NMR resonance  a t  217 ppm suppo r ted  a methyl e t h y l  
ke tone  m oie ty .  I n d i c a t i o n  of  an a , 6  u n s a t u r a t e d  ca rbony l  system was 
p ro v id e d  by: (a )  IR a b s o r p t i o n  a t  v 1701 cm- * ( u n s a t u r a t e d  k e t o n e ) ,
(b)  1 3 C NMR resonances  a t  6  176.5 and s 135.8 (ke tone  and 8 - c a r b o n ) ,  
and (c)  a t h r e e - p r o t o n  s i g n a l  a t  6  2 .18  (Me a t  e - c a r b o n ) .  A 
r e l a t i v e l y  d e s h i e l d e d  d o u b le t  f o r  l a c t o n i c  p ro to n  H- 6  ( 6  4 . 8 )  
s u g g e s t e d  a ke tone  moiety  a t  C-5 ( F i g .  4 . 9 ) .
The IR spectrum of  t h e  c i s - f u s e d  eudesmanolide  31 showed
a b s o r p t i o n s  f o r  h y d ro x y l ( s )  a t  v 3490 cm- *, a 7 - l a c t o n e  a t
1 1 
v 1775 cm , and a ca rbonyl  a t  1703 cm . The COSY spect rum
i n d i c a t e d  d i s r u p t i o n  o f  an ex tended  sequence o f  p ro to n  c o u p l in g s  a t
73
FIGURE 4 . 6 .  *H NMR Spectrum  o f  S e sq u ite r p e n e  L acton e  27.
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FIGURE 4 . 9 .  2H NMR Spec trum  o f  X a n th a n o l id e  30.
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FIGURE 4 . 1 0 .  NMR Spectrum  o f  Eudesm anolide  31 . *
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q u a t e r n a r y  ca rbons  C-4 and C-10.  H e te r o n u c le a r  c o r r e l a t i o n  of  a 
s m a l l e r  s e r i e s  o f  coupled  p ro to n s  observed  by COSY as  well  a s  EIMS 
peaks a t  m / z  266 [M]+ , and 193 [M-H2 0 -CH2 =CH-C=0 ]+ i n d i c a t e d  a 
eud esm a n o l id e - ty p e  s e s q u i t e r p e n e  l a c t o n e  ( 1 ) .  P o s i t i v e  NOE between 
C-10-Me and H-5 as well  as  c oup l ing  c o n s t a n t s  d e r iv e d  from th e  f i r s t  
o r d e r  J H NMR spec trum ( F i g .  4 . 1 0 ) i n d i c a t e d  a c i s  f u s i o n  o f  th e  
d e c a l i n  s k e l e t o n  as  wel l  a s  c h a i r  con fo rm a t ions  of  bo th  r i n g s .  This  
s t r u c t u r e  was a l s o  shown by s i n g l e  c r y s t a l  X-ray d i f f r a c t i o n  ( 1 ) .
The IR spec trum o f  t h e  t r a n s - f u s e d  g u a i a n o l i d e  32 showed 
a b s o r p t i o n s  f o r  h y d ro x y l ( s )  a t  v 3457 cm- *,  a l a c t o n e  a t  
v 1761 cm- *, and a double  bond 6  1632 cm- *. The EIMS p r e s e n t e d  peaks 
a t  m / z  266 [M]+ , m / z  251 |M-CH3 1+ , m / z  248 [M-H2 0 J + , m / z 233 
[M-H2 0-CH3 ]+ , and m / z  230 [M-2H2 0 ] + . The ZH NMR s p e c t r a l  d a t a  
i n d i c a t e d  a t y p i c a l  e x o c y c l i c  methylene  system a t  C-10 s i m i l a r  t o  
t h a t  o f  compound 24 and a d o u b le t  a t  6  1 .90 f o r  H-5, which was 
s l i g h t l y  u p f i e l d  from th e  s ig n a l  f o r  H-5 o f  34 ( 5  2 . 2 1 ) .  The 
l a c t o n i c  p ro to n  H- 6  was r e l a t i v e l y  d e s h i e l d e d  ( 6  4 .2 8 )  compared w i th  
t h e  ana logous  p ro to n  o f  l a c t o n e  24 (H- 6 , 6  3 . 9 8 ) .  F u r th e rm o re ,  t h e  
methyl  group geminal t o  hydroxyl a t  C-4 was d e s h i e l d e d  ( ZH NMR 
6  1 .52)  compared w i th  a l l  o t h e r  model compounds, presumably  due t o  
t h e  i n f l u e n c e  o f  t h e  e - o r i e n t e d  oxygen a t  C-l  (F ig .  4 . 1 1 ) .
The EIMS s p e c t r a  of  t h e  c i s - g u a i a n o l i d e s  33 and 34 e x h i b i t e d  
base  peaks  [M]+ a t  m / z  286 and m / z 284,  r e s p e c t i v e l y .  The COSY 
s p e c t r a  o f  33 and 34 showed a s e r i e s  o f  coupled  p r o t o n s :  H-2,  H-3,
and H-5 t o  H-9.  The chemical  s h i f t s  f o r  th e  d e s h i e l d e d  l a c t o n i c  
p r o to n s  H- 6  (a 4 .52  and 4 .64 )  must be due to  t h e  d e s h i e l d i n g  e f f e c t  
of  t h e  $ - o r i e n t e d  hydroxy ls  a t  C-10 in compounds 33 and 34
78
FIGURE 4 . 1 1 .  *H NMR Spec trum  o f  T ra n s -G u a ia n o l id e  32.
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F I G U R E  4 . 1 4 .  NMR S p e c t r u m  o f  C i s - G u a i a n o l i d e  3 4 .












F i g u r e  4 . 1 5 .  M o l e c u l a r  S t r u c t u r e s  o f  S e s q u i t e r p e n e  L a c t o n e s  




r e s p e c t i v e l y .  Although compound 34 e x h i b i t e d  a H-5 d o u b le t  a t  6  2 .21  
t h a t  was more d e s h i e l d e d  th a n  t h e  analogous  p ro to n  in  32 (as  0 .31  
ppm; F i g .  4 . i i  a n d  4 . 1 4 ) ,  H-5 of 33 e x h i b i t e d  a d e s h i e l d e d  (s  2 . 3 9 ,  
F i g .  4 . 1 2 ) d o u b le t  o f  a d o u b le t  w ith  a 40 Hz co u p l in g  c o n s t a n t ,  
i n d i c a t i n g  a f l u o r i n e  s u b s t i t u t i o n  a t  C - l .  A 162 Hz C-F co u p l in g  
c o n s t a n t  observed  in  th e  1 3 C NMR spec trum of 33 was due to  t h e
f l u o r i n e  s u b s t i t u e n t  (39) ( F i g .  4 . 1 3 ) .  The m o le c u la r  s t r u c t u r e  of
compound 33 has been r e p o r t e d  in th e  l i t e r a t u r e  (4 0 ) .
The m o lecu la r  s t r u c t u r e s  of  compounds 26 , 28 , 29 , 32 , and 34 
were conf irmed  by s i n g l e  c r y s t a l  X-ray d i f f r a c t i o n  and a r e  shown in
F i g .  4 . 1 5 .
4 .6 .  EXPERIMENTAL
General  Exper imenta l  P ro ced u res .  M elt ing  p o i n t s  were 
de te rm ined  on a Thomas Hoover a p p a ra tu s  and a r e  u n c o r r e c t e d .  S p e c t r a  
were r e c o rd e d  with  t h e  fo l lo w in g  i n s t r u m e n t s :  NMR: Bruker AM 400
(400 MHz); Bruker  WP 200 (200 MHz); IR: IBM-32; MS: HP-5985 GC-MS-DS.
4 .6 .1 .  BFo-Catalyzed Rearrangement o f 1 1 ,1 3 -D ih yd ro p arth en o lid e  
(21).
A s o l u t i o n  of  compound 21 (1 g) in  100 ml o f  dry  d i e t h y l  e t h e r
and 10 ml of  f r e s h l y  d i s t i l l e d  BF3- e t h e r a t e  (41 ,42 )  was l e f t  a t  room
te m p e ra t u r e  f o r  2 .5  h and worked up as p r e v i o u s l y  d e s c r i b e d  (1 9 ) .
The c rude  gunrniy p roduc t  was chromatographed over  s i l i c a  gel
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u s in g  as e l u e n t s  CHC13  w i th  i n c r e a s i n g  amounts o f  Me2 C0 which y i e l d e d  
in  o r d e r  o f  appea rance  c rude  l a c t o n e s  22-25.  Rechromatography by 
p r e p a r a t i v e  TLC over  s i l i c a  gel  with  CH2 Cl 2 : E t 20 ( 2 :1 )  p ro v id ed  pure  
22 (20 mg); CH2 Cl 2 : E t 2 0  ( 1 :1 )  gave 23 (10 mg), and CH2 Cl 2 : E t 2 0  ( 5 :1 )  
p ro v id e d  24 (30 mg). R e c r y s t a l l i z a t i o n  of  t h e  l a t e  f r a c t i o n s  i n  CHCI3  
gave pure  25 (470 mg). The remain ing  f r a c t i o n s  (210 mg) c o n s i s t e d  o f  
a m ix tu r e  ( 1 : 8 : 1 )  of  21,  25 and a complex i n s e p a r a b l e  m ix tu r e  of  
i so m e rs .
GC-MS o f  t h e s e  p ro d u c t s  was c a r r i e d  ou t  w i th  two d i f f e r e n t  
f u s e d  s i l i c a  c a p i l l a r y  columns.  R e s u l t s  a r e  shown i n  Tab le  4 . 1 .
1 1 ,1 3 -D ih y d r o p a r th e n o l i d e  (2 1 ) ,  ( ^ 5 8 ^ 0 3 , MW = 250, c o l o r l e s s  
c r y s t a l s ,  mp. 134-136°C, l i t .  (1)  137 -137 .5°C. EIMS m / z  { %  r e l  i n t ) :  
250 (M]+ ( 5 . 2 ) ,  235 [M-CH3 )+ ( 7 . 9 ) ,  232 [M-H2 0 ] + ( 8 . 3 ) ,  217 [M-CH3 -  
H2 0 ] + ( 5 . 3 ) ,  207 [M-CH3 C0]+ ( 5 0 . 8 ) ,  55 |C4 H7 )+ ( 6 8 . 9 ) ,  43 [CH3 C0]+
( 4 0 . 4 ) ,  41 [C3 H5 ]+ ( 2 0 . 8 ) .  1 3 C NMR (100.13  MHz) Tj_ ( s e c ) :  1 ( 0 . 6 0 ) ,
2 ( 0 . 4 4 ) ,  3 ( 0 . 3 6 ) ,  4 ( 4 . 8 2 ) ,  5 ( 0 . 5 5 ) ,  6  ( 0 . 5 0 ) ,  7 ( 0 . 5 7 ) ,  8  ( 0 . 3 3 ) ,  
9 ( 0 . 3 7 ) ,  10 ( 2 . 8 8 ) ,  11 ( 0 . 5 7 ) ,  12 ( 5 . 8 3 ) ,  13 ( 0 . 9 0 ) ,  14 ( 1 . 9 3 ) ,  15 
( 2 . 1 3 ) .  IR vmax ( n e a t ) :  1771 ( y - l a c t o n e ) ,  1673 (c=c) cm- *.
2 - D e s o x y - l l e , 1 3 - d i h y d r o - 6 - e p i p a r t h e m o l l i n  ( 2 2 ) ,  C1 5 H2 2 O3 , MW = 
250,  gum. EIMS m / z  ( %  r e l  i n t ) : 2 3 5  [M-CH3 1+ ( 0 . 4 ) ,  232 [M-H2 0 ] +
( 2 . 6 ) ,  208 [M-C2 H2 0 ] + ( 6 . 5 ) ,  192 (M-C3 H6 0 ] + ( 4 2 . 1 ) ,  119 |C9 Hn ]+
( 1 4 . 4 ) ,  55 [C4 H7 ]+ ( 4 7 . 0 ) ,  43 [CH3 C0]+ ( 1 0 0 . 0 ) .  NH3  CIMS: 268 |M- . 
NH4 ]+ , 251 (M+H]+ , 233 [M+H-H2 0 ] +. IR vmax ( n e a t ) :  1715 ( c a r b o n y l ) ;  
1779 ( y - l a c t o n e )  cm- ^.
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c i s - G u a i a n o l i d e  23, C3 gH2 2 0~, MW = 250,  gum. EIMS m / z  ( % r e l  
i n t ) :  250 [M]+ ( 7 7 . 7 ) ,  235 (M-CH3 )+ ( 5 . 6 ) ,  232 [M-H2 0 ] + ( 3 . 2 ) ,  217 
|M-CH3 -H2 0 r  ( 3 . 2 ) ,  207 (M-CH3 -C0 l+ ( 4 7 . 1 ) ,  194 ( 1 4 . 6 ) ,  177 ( 2 9 . 8 ) ,  
107 ( 3 4 . 5 ) ,  95 ( 3 7 . 5 ) ,  93 ( 4 0 . 2 ) ,  91 ( 4 6 . 5 ) ,  81 ( 4 8 . 4 ) ,  79 ( 5 1 . 9 ) ,  67
( 4 5 . 2 ) ,  55 ( 1 0 0 . 0 ) ,  41 ( 7 1 . 3 ) .  NMR (200 MHz):H-3a, 6  2 .4 0 ;  H- 6 ,
6  3 .88  d ;  H-7, 6  1 .90;  H-10,  6  2 .2 5 ,  H - l l ,  6  2 . 2 0 ,  H-13,  6  1 .14 d; 
H-14,  6  0 .98  d;  H-15a,  6  5 .0  d;  H-15b, 6  5 .08  s ( b r ) .  j ( H z ) :  6 ,7  = 
9 . 9 ;  15 ,3  = 1 .0 ;  14,10 = 13,11 = 7 . 2 .
Compressanol ide ( 4 a - h y d r o x y - l a , 5 a , 6 6 , 7 a , l l e - H - g u a i a n - 1 0 ( 1 4 )  
- e n - 6 , 1 2 - o 1ide )  (2 4 ) ,  C3 gH2 2 03 , MW = 250,  gum. EIMS m / z  ( %  r e l  i n t ) :  
250 [M]+ ( 3 . 0 ) ,  235 |M-CH3 )+ ( 3 . 4 ) ,  232 |M-H2 01+ ( 1 0 . 7 ) ,  217 
[M-CH3 -H2 0 ] + ( 3 . 7 ) ,  192 |M-C3 H6 0 ] + ( 8 . 8 ) ,  159 |M-C3 H6 0-CH3 -H20 ] +
( 1 4 . 3 ) ,  119 iC9 Hn )+ ( 4 7 . 4 ) ,  55 [C4 H7)+ ( 4 4 . 7 ) ,  43 [CH3 C0]+ ( 1 0 0 . 0 ) .  
NH3  CIMS: 268 |M+NH4 ]+ , 251 |M+H]+ . IR vmax ( n e a t ) :  3457 ( h y d r o x y l ) ,  
1773 ( y - l a c t o n e ) ,  1640 (c=c) cm- *.
D i h y d r o m i c h e l l i o l i d e  ( 4 a - h y d r o x y - 5 a ,6 f c i , 7 a , l l 6 - H - g u a ia n - l ( 1 0 ) -  
e n - 6 , 1 2 - o l i d e )  ( 2 5 ) ,  MW = 250, c o l o r l e s s  c r y s t a l s ,  mp 124-
127°C, l i t  (19) 127°C. EIMS m / z  ( %  r e l  i n t ) :  250 |M]+ ( 4 . 6 ) ,  235 
|M-CH3 ]+ ( 4 . 4 ) ,  232 [M-H2 0 J + ( 1 8 . 5 ) ,  217 [M-CH3 -H2 0 J + ( 7 . 8 ) ,  192 
[M-C3 H6 0 ] + ( 1 9 . 5 ) ,  159 [M-C3 H6 0-CH3 -H2 0 ] + ( 3 7 . 8 ) ,  119 (C9 Hn ] +
( 1 0 0 . 0 ) ,  55 [C4 H7 1+ ( 2 5 . 3 ) ,  43 |CH3 C0]+ ( 4 6 . 3 ) .  J H NMR (200 MHz): 
H-5,  6  2 .6 0  d ( b r ) ;  H-6 , 6  3 .80  dd;  H-13, 6  1.25 d;  H-14,  6  1 .70 s 
( b r , 3 H ) ; H-15,  6  1 .30 s .  j ( H z ) :  5 , 6 =6 , 5 = 9 .7 ;  6 ,7 = 9 .7 ;  13 ,11=6 .8 .
TAC d e r i v a t i v e  j H NMR (200 MHz):H-5, 6  3 .1 d ;  H-15, 6  1 .65 s ;
NH, 6  8 . 5 .
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T a b l e  4 . 1 .  R e t e n t i o n  T i m e s  ( w i n )  o f  S e s q u i t e r p e n e  L a c t o n e s  2 1 - 2 5 .  a
21 2 2 23 24 25
1 3 . 7 5 11 . 73 10 . 85 1 0 .  75 1 0 . 9 3
2 6 . 8 8 2 3 . 1 7 22 . 08 2 2 . 1 7 2 1 . 6 5
a T e m p e r a t u r e P r o g r a m : 1 3 0 ° C/ 1 m i n . 5 ° C / m i n , 2 6 0 ° C / 3
1 0  p s i g  Co l u mn  P r e s s u r e  H e l i u m .  I n j e c t o r  T e m p e r a t u r e
2 7 5 ° C .  T r a n s f e r  z o n e s  2 5 0 ° C ;  S o u r c e  T e m p e r a t u r e  2 0 0 ° C .
*>20m x  0 . 2 5  mm x  0 . 2 m  OV-1 BP.
° 3 0 m  x  0 . 2 5  mm x  0 . 2 5 \ i  f i l m  D B - 1 7
4 . 6 . 2 .  MCPBA O x id a t io n  o f  D ih y d r o m i c h e l l i o l i d e  (2 5 ) .
A s o l u t i o n  of  370 mg of  compound 25 and 400 mg of  MCPBA in  20 
ml o f  DCM was l e f t  a t  room te m p e ra tu re  f o r  70 h and worked up as 
d e s c r i b e d  in  th e  l i t e r a t u r e  ( 1 ) .  Column chromatography o f  t h e  c rude  
p ro d u c t  over  s i l i c a  gel  u s in g  CHC13  w ith  i n c r e a s i n g  amounts of  Me2 C0 
a f f o r d e d  in  o r d e r  of  appearance  26 (180 mg), 27 (30 mg), 2 8 + 2 9  (75
mg), and 30 (5 mg). Rechromatography of  f r a c t i o n s  c o n t a i n i n g  28 and
29 by p r e p a r a t i v e  TLC over  s i l i c a  gel  u s in g  cyc lohexane :  BuOH (1 :1 )  
p rov ided  28 (25 mg) and 29 (20 mg).
G u a ia n o l id e  l ( 1 0 ) - e - e p o x i d e  26, C1 5 H2 2 04 , MW = 266, c o l o r l e s s  
c r y s t a l s  mp. 130-135°C, l i t  ( 1 ) :  111-113°C. EIMS m / z  { % r e l  i n t ) : 2 6 6  
[M]+ ( 0 . 3 ) ,  251 [M-CH3 ]+ ( 2 . 9 ) ,  248 [M-H2 0 ] + ( 3 . 5 ) ,  233 |M-H2 0-CH3 ]+
( 1 . 6 ) ,  223 [M-CH3 C0]+ ( 2 . 6 ) ,  208 [M-C3 H6 0 ] + ( 4 . 7 ) ,  190 [M-C3 H6 0-H2 0 l +
( 1 4 . 5 ) ,  99 (C5 H7 02 ]+ ( 4 8 . 0 ) ,  97 [C6 Hg0 ]+ ( 5 0 . 5 ) ,  55 [C4 H7 )+ ( 3 4 . 7 ) ,
43 [CH3 C0]+ ( 1 0 0 .0 ) .  IR vmax ( n e a t ) :  3532 ( h y d r o x y l ) ,  1779
( y - l a c t o n e )  cm- *.
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S e s q u i t e r p e n e  l a c t o n e  27,  C1 5 H2 2 0 4 , MW = 266,  gum. CIMS m / z  
( %  r e l  i n t ) :  267 [M+H]+ ( 8 7 . 2 ) ,  249.1 [M-H2 0+H]+ ( 3 7 . 9 ) ,  231.1
[M-2H2 0+H]+ ( 5 0 . 9 ) ,  219.1 ( 4 3 . 2 ) ,  203 .2  ( 7 2 . 5 ) ,  193.2 ( 3 8 . 1 ) ,  175.2
( 1 0 0 . 0 ) ,  147.2 ( 7 2 . 0 ) ,  245 .2  ( 3 5 . 2 ) ,  133.2 ( 3 1 . 0 ) ,  11 .9  ( 2 3 . 4 ) ,  95 .1  
( 1 8 . 9 ) ,  55.1 ( 1 4 . 1 ) .  IR vmax ( n e a t ) :  3459 (h y d r o x y l ) ,  1771 
( y - l a c t o n e )  cm"*.
G ua ian o l id e  l ( 1 0 ) - a - e p o x i d e  28,  C15H2 2 ° 4 ’ MW = 266,  c o l o r l e s s  
c r y s t a l s ,  mp. 117-118°C. EIMS m / z  ( %  r e l  i n t ) :  266 |M]+ ( 0 . 1 ) ,  251
[M-CH3 ]+ ( 0 . 8 ) ,  249 [M-H2 0+H]+ ( 1 . 0 ) ,  248 [M-H2 0 ] + ( 0 . 5 ) ,  233 [M-H2 0-  
CH3 ]+ (0 8 ) ,  223 [M-CH3 C0]+ ( 1 . 0 ) ,  208 [M-C3 H6 0 ] + ( 1 . 7 ) ,  190 [M- 
C3 H6 0-H2 0 ] + ( 2 . 0 ) ,  99 [C5 H7 02 ]+ ( 1 7 . 6 ) ,  97 [C6 Hg 0 ] + ( 2 3 . 8 ) ,  55 
[C4 H7 ]+ ( 2 8 . 3 ) ,  43 [CH3 C0]+ (100) .  IR vmax ( n e a t ) :  3483 ( h y d r o x y l ) ,
1773 ( y - l a c t o n e )  cm"*.
G u a ian o l id e  1 0 (1 4 ) - a - e p o x id e  29, C1 5 H2 2 04 , MW = 266,  c o l o r l e s s  
c r y s t a l s ,  mp. 192-193°C. EIMS m / z  ( %  r e l  i n t ) :  251 [M-CH3 ]+ ( 6 . 3 ) ,
249 |M-H2 0+H)+ ( 1 . 9 ) ,  248 [M-H2 0 ] + ( 1 . 5 ) ,  233 [M-H2 0-CH3 ]+ ( 3 . 0 ) ,  233 
(M-C2 H3 0 ] + ( 4 . 7 ) ,  208 [M-C3 H6 0 ] + ( 9 . 0 ) ,  205 [M-H2 0-C 2 H3 0 ] + ( 9 . 8 ) ,  193
( 1 7 . 6 ) ,  175 ( 9 . 2 ) ,  166 ( 1 8 . 9 ) ,  145 ( 1 6 . 5 ) ,  135 ( 2 3 . 8 ) ,  105 ( 3 7 . 1 ) ,  93
( 1 0 0 . 0 ) ,  79 ( 5 4 . 8 ) ,  55 [C4 H7 ]+ ( 4 6 . 1 ) ,  43 1CH3 C0]+ ( 7 0 . 1 ) .  IR vmax 
( n e a t ) :  3509 (h y d r o x y l ) ,  1773 ( y - l a c t o n e )  cm"*.
X an thano l ide  30,  CjgH2 Q04 , MW = 264,  gum. CIMS m / z  (% r e l  
i n t ) :  265 [M+H]+ ( 1 0 0 . 0 ) ,  247 [M-H2 0+Hl+ ( 5 2 . 4 ) ,  219 [M-H2 0-C0-H]+
( 1 3 . 5 ) ,  201 [M-2H2 0-C0+H1+ ( 1 6 . 8 ) .  EIMS m / z  ( %  r e l  i n t ) :  264 [Mj+
( 1 . 5 ) ,  246 ( 2 . 8 ) ,  231 ( 1 . 4 ) ,  221 ( 2 . 3 ) ,  206 [M-C3 H6 0 | + ( 1 0 0 . 0 ) ,  191
( 3 2 . 3 ) ,  175 ( 8 . 9 ) ,  91 ( 2 7 . 5 ) ,  55 ( 3 8 . 4 ) ,  43 [CH3 C0]+ ( 7 1 . 2 ) .  IR vmax 
( n e a t )  2928,  1773 ( y - l a c t o n e ) ,  1715 (methyl  k e t o n e ) ,  1701 ( a , 6  u n s a t u r a t e d
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k e t o n e ) ,  1653, 1647, 1385, 1169 cnT*.
4 . 6 . 3 .  BFo-Cata lyzed Rearrangement o f  G u a ia n o l id e  1 ( 1 0 ) - e —
Epoxide (26 ) .
A s o l u t i o n  of  t h e  epoxide  26 (180 mg) in  18 ml of  d ry  d i e t h y l  
e t h e r  was t r e a t e d  with  1 .8  ml of  BF3- e t h e r a t e  and l e f t  a t  room 
te m p e r a t u r e  f o r  1 h. A f t e r  quenching with  40 ml o f  w a te r ,  t h e  
o r g a n i c  l a y e r  was washed w i th  aqueous 5% NaHC03  and w i th  H20 u n t i l  
n e u t r a l ,  d r i e d  over  Na2 S04 , f i l t e r e d ,  and evapo ra ted  i n  v a c u o  t o  g iv e  
130 mg o f  a dark  brown sy rup .
P r e p a r a t i v e  TLC over  s i l i c a  gel  w i th  E t 2 0  a f f o r d e d  seven 
f r a c t i o n s .  Rechromatography o f  f r a c t i o n s  4 , 5 , 6  [CgHgrEtOAc ( 3 : 1 ) ,  
t r i p l e  development]  and 8  [ cyc lohexane :  EtOAc ( 1 : 4 ) ]  p ro v id ed  pure  31 
(26 mg) 32 (13 mg),  26 (27 mg), 33 (18 mg),  and 34 (7 mg).
Eudesmanolide 31,  C15H22 °4 ’ MW = 266,  c o l o r l e s s  gum, mp. l i t  
( 1 ) :  170-172°C. EIMS m / z  ( %  r e l  i n t ) :  266 [M+ ] ( 0 . 3 ) ,  251 ]M-CH3 J+ 
( 0 . 5 ) ,  248 [M-H2 0 ] + ( 2 . 0 ) ,  233 [M-H2 0-CH3 ]+ ( 0 . 7 ) ,  220 [M-H2 0-C0]+
( 6 , 2 ) ,  205 [M-H2 0-CH3 -C0]+ ( 6 . 0 ) ,  193 ]M-H2 0-CH2 =CH-Ce0]+ ( 1 1 . 5 ) ,  175 
{M-H2 0-CH3 -C 3 H6 0 ] + ( 6 . 5 ) ,  165 ]M-H2 0-C0-CH2 =CH-Ce0]+ ( 7 . 6 ) ,  150 
[M-C5 H8 0 3 ]+ ( 2 1 . 0 ) ,  99 [CH3 -C(OH)=CH-CH2 CeO]+ ( 7 0 . 3 ) ,  71 ( 2 3 . 0 ) ,  55 
[C4 H7 ]+ ( 5 9 . 3 ) ,  43 [CH3 C0]+ (1 0 0 .0 ) .  IR vmax ( n e a t ) :  3490 
(h y d r o x y l ) ,  1775 ( y - l a c t o n e ) ,  1703 ( c a rb o n y l )  cm- *.
le -H ydroxycom pressano l ide  ( l e , 4 a - d i  h y d ro x y -5 a , 6 e ,7 a , 1 l e t f -g u a ia n -  
1 0 ( 1 4 ) - e n - 6 , 1 2 - o l i d e )  (3 2 ) ,  C ^ H 2 2 04 , MW = 266,  c o l o r l e s s  c r y s t a l s  
mp. 166-170°C. EIMS m / z  ( %  r e l  i n t ) :  266 [M]+ ( 8 . 9 ) ,  251 (M-CH3 ]+
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( 1 . 0 ) ,  248 [M-H2 0 ] + ( 6 . 5 ) ,  233 IM-H2 0-CH3 ]+ ( 2 . 1 ) ,  230 [M-2H2 0 ] +
( 2 . 6 ) ,  220 (M-H2 0-C0]+ ( 1 1 . 4 ) ,  205 [M-H2 0-C0-CH3 ]+ ( 4 . 1 ) ,  190 [M-H2 0-  
C3 H6 0 ] + ( 6 3 . 5 ) ,  99 [C5 H7 02 ]+ ( 4 3 . 4 ) ,  71 [C4 H7 0 ] + ( 3 2 . 1 ) ,  55 IC4 H7 )+
( 8 5 . 5 ) ,  43 [C2 H3 0 ] + ( 1 0 0 .0 ) .  IR vmax ( n e a t ) :  3457 ( h y d r o x y l ) ,  1761 
( y - l a c t o n e ) ,  1632 (c=c) cm- *.
F lu o r o g u a i a n o l i d e  33,  CjgH2 3 0^F, MW = 286,  gum, mp. l i t  ( 1 ) :  
177-179°C. EIMS m / z  ( %  r e l  i n t ) :  286 [M]+ ( 0 . 1 ) ,  271 [M-CH3 J+ ( 2 . 6 ) ,  
268 [M-H2 0 ] + ( 0 . 3 ) ,  248 [M-H2 0-HF]+ ( 1 6 . 2 ) ,  233 [M-HF-H2 0-CH3 ]+
( 2 . 7 ) ,  230 |M-HF-2H2 0 ] + ( 2 . 2 ) ,  205 [M-HF-2H2 0-CH3 ]+ ( 2 . 8 ) ,  190 
[M-H2 0-HF-C3 H6 0 ] + ( 2 5 . 8 ) ,  99 [C5 H7 02 ]+ ( 1 1 . 3 ) ,  71 [C4 H7 0 ] + ( 1 9 . 2 ) ,  58 
[C3 H7 0 ] + ( 1 1 . 6 ) ,  55 [C4 H7 ]+ ( 2 1 . 2 ) ,  43 [CH3 C0]+ ( 1 0 0 .0 ) .  IR vmax 
( n e a t ) :  3453 ( h y d r o x y l ) ,  1773 ( y - l a c t o n e ) .
c i s - G u a i a n o l i d e  34,  H2 4 0g,  MW = 284,  c o l o r l e s s  c r y s t a l s ,  mp.
205-206uC. EIMS m / z  ( %  r e l  i n t ) :  284 jM]+ ( 0 . 1 ) ,  266 |M-H2 0 ] +
( 0 . 6 ) ,  248 [M-2H2 01+ ( 6 . 8 ) ,  230 [M-3H2 0 ] + ( 1 . 7 ) ,  205 ( 4 . 3 ) ,  190 
( 1 3 . 8 ) ,  99 ( 1 3 . 3 ) ,  97 ( 3 7 . 8 ) ,  95 ( 1 1 . 2 ) ,  71 [C4 H7 0 ] + ( 1 5 . 4 ) ,  55 
[C4 H7 ]+ ( 2 1 . 6 ) ,  43 [C2 H3 0 ] + ( 1 0 0 .0 ) .  IR vmax ( n e a t ) :  3434
( h y d r o x y l ) ,  1755 ( y - l a c t o n e )  cm- *.
TABLE 4 . 2 .  NMR S p e c t r a l  D a ta3 ' b ' °  o f  S e s q u i t e r p e n e  L a c to n e s  21 -28
21 2 2 24 2 6 2 7 28
1 5 . 1 7  dd 2 .  92 d d d d d 2 . 1 0 ( 2 . 6 2  d d ) -
2a 2 . 0 7 2 . 3 1 .  70 2 . 2 1 1 . 6 2 ( 1 . 7 2 ) 2 . 0 9
28 2 . 3 2 2 . 3 1 . 8 2 1 . 6 6 1 . 3 4 ( 1 . 5 7 ) 1 . 8 0
3a 1 . 1 7 2 .  6 2 . 1 0 1 .  90 1 .  70 ( 1 . 9 0 ) 2 . 0 1
38 2 . 0 5 2.  6 1 . 7 4 1 . 8 5 1 . 4 7 ( 1 . 6 0 ) 1 . 8 0
5 2 . 6 8  d 5 . 6 s ( b r ) 2 .  20 dd 2 . 2 4 d 2.  97 d ( 3 . 6 1 ) 2 . 2 3 dd
6 3 . 8 0  dd 4 . 8 d (b r ) 3 . 9 8 dd 4 . 0 6 dd 3 . 4 6 d d  ( 4 . 0 8 ) 3 . 9 8 d d
7 1 . 8 6 1 . 6 1 .  70 1 .  38 1 . 1 2 ( 1 . 8 0 ) 1 . 8 3
8a 1 . 8 3 1 . 6 1 . 1 9 1 . 6 8 1 . 0 8 ( 1 . 8 6 ) 2 .  00
88 1 . 6 3 1 . 6 2 . 0 5 d d d d 1 . 3 5 0 . 8 7 ( 1 . 7 0 ) 1 . 3 7
9a 1 . 9 9 1 . 9 2 .  58 d d d d 1 . 9 2 1 . 4 0 ( 1 . 8 8 ) 2 . 2 0
98 2 . 2 2 1 . 9 1 .  78 2 . 1 6 1 . 0 8 ( 1 . 5 0 ) 1 . 6 8
11 2 . 2 7 2 . 3 2 . 1 7 2 . 2 0 1 . 5 3 ( 2 . 3 0 )  dq 2 . 1 8
13 1 . 2 1  d 1 . 2 d 1 . 1 8 d 1 . 2 0 d 0.  92 ( 1 . 2 4 )  d 1 . 2 1 d
14 1 . 6 3  s  ( b r ) 1 . 1 d 4 . 9 2 d d d d 1 . 4 6 s 2 . 6 1 d d  ( 3 . 0 3 ) 1 . 4 3 s
4 . 8 8 d d d d 2 . 1 2 d ( 2 . 6 2 )
15 1 . 2 4  s 2 . 2 s 1 . 2 3 s 1 . 2 9 s 0.  91 s  ( 1 . 2 1 ) 1 . 2 7 s
3 J ( H z ) :  21 : l , 2 a = 2 ; 1 , 2 8 = 2 8 , 1  = 1 1 ;  2 8 , 2 a  = 1 2 . 4 ; 3a, 3 8 = 1 3 . 1 ; 3a , 2 8 = 1 2 . 9 ; 3 a , 2 a = 5 . 9 ;  5 , 6 = 6 , 5
6 , 7 = 9 . 4 ;  1 3 , 1 1 = 7 . 1 . 2 2 :  1 4 , 1 0 = 1 1 , 1 3 = 5 , 6 = 6 , 5 = 7 . 0 ; 24:■ 5 ,  6=6,5--=11. 7; 1 , 5 = 5 , . 1 = 1 1 . 5 ;  6,  7 = 9 . 8 ;
I ,  2 a = 1 0 . 2 ;  1 , 2 8 = 9 . 0 ;  8 a , 8 8 = 1 3 . 0 ;  8 8 , 7 = 5 . 5 ;  88 ,  9 a = 9 a , 8 8=4. 7/ 8 8 , 9 8 = 3 . 6 ;  9 a , 9 8 = 1 3 . 0 ;
9 a , 8 a = 3 . 7 ;  9 , 1 4 = 1 . 0 .  2 6 :  5 , 6 = 6 , 5 = 1 1 . 0 ;  6 , 7 = 9 . 8 ;  1 3 , 1 1  = 7 . 0 .  27 :  5 , 6 = 6 , 5  = 9 . 3 ;  6 , 7  = 
1 0 . 3 ;  1 1 , 7  = 1 2 . 1 ;  1 1 , 1 3  = 1 3 , 1 1  = 7 . 0 ;  1 4 a , 1 4 b  = 1 4 b , 1 4 a  = 4 . 4 .  28 :  5 , 6 = 6 , 5  =
I I . 2 ;  6 , 7 = 1 0 . 3 ;  1 3 , 1 1  = 7 . 2 .
b NOEs:  I r r a d i a t e d  ( o b s e r v e d ) :  2 1 :  5 ( 1 , 3a ,  7 ) ;  9 8 ( 8 , 6 ( - ) ) ;  1 3 ( 7 , 1 1 ) ;  1 4 ( 2 8 ) ;  1 5 ( 6 ) .
2 2 :  1 4 ( 6 ) .  2 4 :  l ( 2 a , 3 a , 5 ) ;  5 ( 1 ) ;  1 5 ( 3 8 , 6 ) .  2 5 :  1 5 ( 6 ) .  2 6 :  8 8 , 1 5 ( 6 ) .
2 7 :  1 ( 2 a , 5 ) ;  5 ( 1 ) ;  6 ( 1 1 ) ;  7 ( 5 , 9 a ) ;  9 a ( 7 ) ;  1 4 a  ( 1 4 b ) ;  1 4 b  ( 1 4 a ) ;  1 5 ( 6 , 1 4 a ) .
c 2 1 - 2 6  a n d  2 8  i n  CDC13 ; 2 7  i n  C g D g ( C D C l j ) .
TABLE 4 . 3 .  *S NMB S p e c t r a l  Da t aa ' °  o f  S e s q u i t e r p e n e  L a c to n e s  29-34
2 9 3 0 31 3 2 33 34
1 2 . 9 5  d d d d - — - -
2a 1 . 3 0 2 . 4 1 3.05 d d d 2 .1 0 1 . 5 8 1 . 6 5
2 8 2 . 0 9 2 . 60 2 .2 2 d d d 2 . 6 1 1 . 6 0 1 . 0 3
3a 1 . 9 6  d d d 2 . 6 0 1 . 9 6 d d d d 2 .1 0 2 . 2 8 2 .1 0 d d d d ( 2 . 2 5 )
38 1 . 5 7  d d d 2 . 4 1 2.11 d d d 2 . 6 0 1 . 6 7 1 . 0 3
5 2 . 3 0  d d - 2 . 0 7 d d 1 .  90 d 2 . 5 2 d d  ( 2 . 3 9 ) 2 . 0 4 d  ( 2 . 2 1 )
6 4 . 1 2  d d 4 . 8 0 d  ( 4 . 5 5 ) 3 . 4 9 dd 4 . 2 8 d d 4 . 2 8 d d  ( 4 . 5 2 ) 4 . 2 9 d d  ( 4 . 6 4 )
7 1 . 8 2 2 . 4 8 1 . 6 4 d d d d 1 . 7 2 1 . 3 2 d d d 1 . 3 7 d d d d
8a 1 . 7 0 1 .  72 1 .  75 d d d d 1 . 7 0 1 . 1 3 1 . 0 3
88 0 .  98 1 . 8 0 1 . 3 8 d d d d 1 . 9 2 dd 1 . 1 3 1 . 1 7
9a 1 . 7 1 2 . 4  5 1 . 1 3 d d d 2 . 3 6 1 . 7 8 d d  ( b r ) 1 . 9 2  <$dd ( 2 . 1 )
98 1 . 8 1 2 . 4 5 2 . 3 4 d d d 2 .  78 1 . 0 8 d  ( b r ) 0 .  94
11 2 . 2 8  dq 2 . 3 5 2 . 1 3 dd 2 . 2 3 1 . 5 5 1 . 5 8
13 1 .2 2  d 1 . 3 4 d  ( 1 . 1 5 ) 1 .21 d 1.21 d 0 .8 8 d  ( 1 . 1 8 ) 0 .  94 d  ( 1 . 2 2 )
14 2 .  78 d 2 . 1 8 s  ( b r )  ( 1 . 5 2 ) 1 . 5 5 s 4 . 9 0 d 0 .8 6 d  ( 1 . 2 6 ) 0 .  76 s  ( 1 . 2 7 )
2 . 5 5 5 . 0 8 s
15 1 . 2 6 2 .1 0 s  ( 1 . 5 8 ) 1 . 5 2 s 1 . 5 2 s 1 . 2 8 s  ( 1 . 2 4 ) 1 . 3 0 s  ( b r ) ( 1 . 3 S )
a J ( H z ) : 2 9 : 1 , 2 a  -  1 0 . 5 ;  1 . 2 6  -  1 0 . 0 ; 1 , 5 - 5 , 1 «  1 1 . 8 ; 3 a ,  2 a  - 1 0 ; 3 a , 2 6  -  2 . 0 ; 3 a , 3 8  -  3 a , 3 8 -
1 2 . 0 ;  5 , 6 - 6 , 5  -  1 1 . 3 ;  6 , 7  = 10; 1 1 , 7 - 1 2 . 1 ;  1 1 , 1 3  -  13 , 11  -  6 . 9 ;  1 4a , 14 b  -  4 . 0 .  30;  6 , 7  -  9 . 3 ;  13 , 11  -
6 . 8 .  31:  2 a , 3 a  -  3 a , 2 a  -  7 . 2 ;  3 a , 5 - 5 , 3a -  2 . 2 ; 3 a , 2 6  -  2 8 , 3a -  2 . 0 ;  2 6 ,  36 -  36 ,  26 -  5 . 3 ;  3 a ,  36 -
3 6 , 3a -  1 4 . 2 ;  2 a , 26 -  2 6 . 2 a  -  1 4 . 8 ;  3 6 , 2a -  2 a . 36 -  1 3 . 8 ;  5 , 6 - 6 , 5 - 1 1 . 2 ;  6 , 7  -  7 , 6  -  1 1 . 8 ;  7 , 8 a  -  
8 a , 7 -  9 6 , 8a -  8 a , 96 -  3 . 5 ;  9 6 , 8 6  « 8 6 , 9 6  -  3 . 8 ;  9 a , 8 a  = 8 a , 9 a  -  4 . 4 ;  9 a , 96 » 9 6 , 9a -  1 3 . 9 ;  8 a , 86 -  
8 6 , 8a -  1 2 . 7 ;  9 a , 88 » 8 6 . 9 a  -  1 2 . 8 ;  8 6 , 7 - 7 , 8 6  -  1 2 . 5 ;  1 1 , 1 3 - 1 3 , 1 1 - 6 . 8 ;  1 1 , 7  -  7 ,11  -  1 2 . 3 .  32;  5 , 6 - 6 , 5  -  
1 1 . 1 ;  6 . 7  -  9 . 4 ;  1 3 , 1 1 - 7 . 0 ;  9 6 , 8 6  -  6 . 6 ;  9 8 , 9 a  -  1 5 . 0 .  33:  5 , 6 - 6 , 5 - 1 1 . 2 ;  5 . F - 4 0 ;  6 . F - 1 . 2 ;  6 , 7 - 7 , 6 - 9 . 9 ;  
7 , 8 a  -  2 . 5 ;  7 , 8 6  = 1 0 . 3 ;  9 a , 86 -  1 5 . 0 ;  9 a , 96 » 9 6 , 9a = 1 5 . 1 ;  1 3 , 1 1 - 6 . 9 ;  1 4 . F - 0 . 8 .  34:  2 a . 26 -  1 5 . 0 ;
2 a . 3 6  -  6 . 5 ;  2 6 , 3 a  -  6 . 3 ;  2 a , 3 a  -  3 a , 2 a  =  1 3 . 6 ;  3 a , 3 6  -  1 5 . 0 ;  5 , 6  -  6 . 5  -  1 1 . 0 ;  6 , 7  -  7 , 6  -  9 . 9 :  7 , 8 a  -
8 a , 7 .  3 . 4 ;  7 , 8 6  -  1 2 . 0 ;  7 , 1 1  -  1 2 . 1 ;  8 a . 8 6  -  1 3 . 8 ;  8 a , 9 a  -  9 a , 8 a  -  4 ;  8 a , 9 6  -  5 . 4 ;  9 a , 9 6  -  1 3 . 8 ;
9 a , 86 -  1 3 . 6 ;  1 1 , 1 3  -  13 , 11  -  7 . 0 .
b N O E s : I r r a d i a t e d  ( o b s e r v e d ) :  2 9 :  l ( 2 a , 5 ) ;  5 ( 1 ) ;  6 ( 1 1 ) ;  7 ( 5 , 9 a ) ;  9 a ( 7 ) ;  1 4 a  ( 1 4 b ) ;  1 4 b  ( 1 4 a ) ;
1 5  ( 6 , 1 4 a ) .  3 0 :  6 ( 1 1 ) ;  8 ( 6 ) ;  1 4  ( 2 b ) .  3 1 :  6 ( 3 6 . 8 8 , 1 1 ) ;  1 4  ( 5 ) .  3 2 :  1 4 a  ( 1 4 b ) ;  1 4 b  ( 1 4 a ) ;  1 5  ( 6 ) .
3 3 :  7 ( 5 , 9 a ) -  1 5  ( 6 ) .




































TABLE 4.4. NMR Spectral Data of Sesquiterpene Lactones 21-34
21 22 23 24 25 26 27
1 2 5 . 0 d 1 4 5 .  7 s 4 3 . 6 g 4 4 . 1 d 1 3 2 . 0 s 6 9 . 8 ( 7 0 . 2 ) s 4 3 . 1 ( 4 3 . 0 ) d
2 4 . 0 t 3 3 . 2 t 3 1 . 1 t 32 .  9 t 3 5 . 2 t 2 9 . 4 ( 2 9 . 8 ) t 1 7 . 7 ( 1 7 . 8 ) t
3 6 . 6 t 4 1 . 7 t 3 5 . 2 t 3 9 . 5 t a 3 8 . 4 t 3 7 . 4 ( 3 8 . 5 ) t 30 .  7 ( 3 1 . 1 ) t
6 1 . 3 s 2 0 7 .  7 s 1 4 4 . 4 s 7 9 . 8 s 8 0 . 2 s 7 9 . 6 ( 7 9 .  7) s 4 3 . 0 ( 4 3 . 0 ) s
6 6 . 3 d 1 2 3 . 8 d 7 8 . 8 s 55.  7 d 5 8 . 2 d 5 5 . 2 ( 5 5 . 4 ) d 8 5 . 5 ( 8 5 . 1 ) d
8 2 . 0 d 8 1 . 0 d 8 6 . 5 d 8 3 . 9 d 8 4 . 0 d 8 1 . 6 ( 8 1 . 8 ) d 8 3 . 4 ( 8 3 . 0 ) d
5 1 . 8 d 5 1 . 0 d 4 8 . 3 d 5 1 . 6 d 5 3 . 5 d 5 3 . 1 ( 5 3 . 4 ) d 4 8 . 0 ( 4 7 . 5 ) d
29 .  7 t 3 1 . 4 t 26 .  9 t 2 6 . 3 t 2 7 . 0 t 2 3 . 1 ( 2 3 . 7 ) t 2 6 . 6 ( 2 6 . 3 ) t
4 1 . 0 t 2 5 . 3 t 2 5 . 4 d 4 0 . 2 t a 29 .  9 t 3 3 . 4 ( 3 3 . 7 ) t 3 9 . 4 ( 3 9 . 6 ) t
1 3 4 . 4 s 3 7 . 4 d 41 .  6 d 1 4 8 .  7 s 1 3 1 . 0 s 6 2 . 1 ( 6 2 . 4 ) s 5 7 . 4 ( 5 6 . 9 ) s
4 2 . 3 d 4 2 . 3 d 4 1 . 9 d 4 1 . 4 d 4 1 . 1 d 40 .  7 ( 4 0 .  7) d 4 4 . 2 ( 4 3 . 9 ) d
1 7 7 . 2 s 1 7 8 .  7 s 1 7 8 . 0 s 1 7 8 . 2 s 1 7 8 . 2 s 1 7 8 . 0 ( 1 7 8 . 2 ) s J 76. 5 ( 1 7 5 . 8 ) s
1 3 . 1 g 1 2 . 4 g 1 2 . 6 g 1 3 . 2 g 1 2 . 2 g 1 2 . 4 ( 1 2 . 4 ) g 12 .  9 ( 1 2 . 8 ) g
16.  7 g 1 5 . 8 g 1 8 .  9 g 1 1 2 . 0 t 2 3 . 6 ga 2 3 . 2 ( 2 3 . 3 ) ga 51.  4 ( 5 1 . 0 ) t
1 7 . 0 g 29 .  9 g 1 14 .  7 t 2 4 . 1 g 23.  7 ga 2 3 . 2 ( 2 3 . 2 ) ga 1 6 . 2 ( 1 6 . 2 ) g
28 29 30 31 32 33 34
7 0 . 3 s 4 2 . 2 d 1 3 5 . 8 s 2 1 3 . 8 s 84 .  7 £ 1 5 0 .  6 d 8 3 . 4 s
2 9 . 0 t 28 .  7 t 3 4 . 4 t a 3 4 . 4 t 3 2 . 1 t 3 0 . 8 d t 3 5 . 9 t a
3 7 . 0 t 3 8 . 8 t 4 0 . 4 t 29 .  7 t 37 .  3 t 3 7 . 8 t 3 7 . 4 t a
8 0 . 6 s 79.  6 s 2 0 7 . 1 s 72.  9 s 80 .  3 £ 8 0 . 1 s 80 .  2 s
5 9 . 5 d 54.  7 d J 7 6 . 5 s 59.  2 d 6 6 . 0 d 6 5 . 6 dd 68.  6 d
79.  7 d 8 3 . 4 d 7 6 . 3 d 8 2 . 1 d 8 4 . 9 d 8 1 . 3 d 8 2 . 8 d
50 .  9 d 5 0 . 8 d 4 6 . 3 d 5 1 .  7 d 4 8 . 6 d 5 0 . 1 d 4 9 .  9 d
2 3 . 9 t 2 5 . 7 t 2 5 . 4 t 2 4 . 0 t 2 5 . 0 t 2 5 . 1 t 2 5 . 5 t
3 4 . 0 t 3 9 . 1 t 3 2 . 4 t a 3 5 . 8 t 38 .  7 t 3 5 .  7 t 3 5 . 5 t a
6 3 . 0 s 5 8 . 0 s — — 1 5 0 . 8 s 7 4 . 3 d 7 6 . 3 s
4 2 . 0 d 4 1 . 2 d 4 1 . 7 d 4 1 . 0 d 4 1 . 0 d 4 0 . 9 d 4 1 . 3 d
1 7 7 . 8 s — 1 7 8 . 3 s 1 5 8 . 0 s 1 7 8 . 8 s 1 7 7 . 0 s 1 7 8 . 4 s
12 .  6 g 1 3 . 1 g 1 4 . 6 g 1 2 . 3 g 1 2 . 5 g 1 2 .  7 g 12 .  9 g
2 4 . 3 g 4 7 .  9 t 1 7 . 8 g 32.  2 g 1 1 2 .  2 t 2 7 . 5 g 2 8 . 3 g
2 1 . 8 g 2 3 . 9 g 29.  9 g 3 0 . 3 g 2 8 . 0 g 22 .  9 g 2 2 . 6 g
I n t e r c h a n g e a b l e
2 1 - 3 4  i n  CDC13 ; ( 26)  i n  (CD3 ) 2 C = 0 ; ( 2 7 ) i n  C$De .
21 a n d  2 6 - 3 4  a t  10 0  MHz.  2 2 - 2 5  a t  50 MHz.
33:  J ( H z ) :  C1 , F = 1 6 2 . 0 ;  C5 , F = 2 5 . 3 ;  C2 , F = 2 5 . 9 ;  C j 0 , F = 3 0 . 4
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